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(a) ijst-^s-. m&L^^y^y hm&immt 

( b ) nmth 9v*t y -fiett i -oxm&itfz 

[f£R)H2 ] Mi? v «/ H>y y -lit— t-Ma^siftt 
m. 

mm. 

ttz t zmkt-t&wBm i tiafcOT ^ v9nrf-9 

( a ) mEft^Htft^v-/ K-yy-fii$8£»^-rsti? 

( b ) laEflr^-ft:?ii^fiiHfc;^^g^-rs»^Hb« 
( c ) mOHHbfttf^7'y y-fPSfcft-rt. m 

«a®«iHbxf yrtt5v^T. #^*7 y H'yy-<oy 
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[ff*«l 2] liaif-^li. 

£^tr<r t zmLk-t&mm. 1 1 tuato-r * 

mS*^Hb#aT{i. tm? v y f -y y -c7) y -7 y- 
CH*a 1 4 ] frfa? «y H-y y -liw- hs*<?)®* 

fctjftSSS&fr k %h X 0 iz&fcfitiZ, Z k ZmLk 
IWtm 1 5 ] ITfB:? y «y H>y y -Ji*^Hb7 r ^ 9<r> 

vxv<rm<n. 2m&mmi£mmLxft^i£i}tLZz 

imcmi iimmmmtT-^r^f^z-kvm 
^«h-y h^fttdffig^sfii, ^ k zimk~ri>m$. 

tszkmmk-n>mimi 3izw&cot< v?tw- 

40 -*ffiSS§£H. 

tttszk*w&k-?hm$&i 9oatof^^ 

[fWc«2 1 1 v4i??>w-?wmmz&\ix. 
m74i;?)i<T-m. $ft<tztifzm?tt.m.k. m 
m-hm^foBiV? v -y K«y y-ffiffi-ci>^-c. 
sneiwi^yy H^y-ffi^^g^-rsffl^a-t 

50 
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SlSSS^fc? r 9 9 *%ts z t tmkt-f&'f < 

tlt««2 2] roEr* V9)W-9\±. B«t-*£ 
£tr i t ■* £H:£3f 2 1 tcUi8<7)T * i^/P-f 10 

[|££JB2 3 ] «TIBt 4 VtJVf-nmWr-fkf; 

ttz t *imt^i>mm.2 1 cii«f< 

[fiM24] fTffii»T-*H. 

u ttf&t&$mT-9*£j$.?&$m^&k. 

BSUS^HtfHXUU wi3i9v>yYVV-0)V-ys- 

nmwzmm ztit z t zmk k-r&ayv* 
im$m26i me??? k *y »j — «ti — hs^^Bnie 

[ft*f 2 7 ] roll? 7 -y F *y L> -J±Jt^ft:7 T ? 
U^hWUW. 2^ggll2£f0fl!LT:fiF*rft£;h.£i 

t Jr«f®t-rsii^H2 5 fcaa<03 y tr^-^TW 

3yea-?7-o^Aiw&. 40 

«2 8t:feKcorj ybr A -?ra^5ASp a p. 
[19*^3 0 ] mMf i ^^x-^ttHffix-^ Sr^ 

0^7 Ag.fi,. 

[ft£Jl3 1 3 roUx* x^r-^fcL »Bt-*£ 

£tr£ fc ^ ^at -rsisN&s 2 5 tciesoa ye*-* 

7W5Agft. 

tiS««3 2 3 ffiei&BT-^(i. yV-m&r-9 50 
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[IM3 3 ] r-f iS9)\sf-9Wm?)t:tb<7>ay\f*. 
-9 70/7 Atffegt $*ut n y e j.-? «rga8Ett£3- 

IffiirH&PSics w,^"77 k y y -o v -y 

s mm™? r99 ziftsz t nmt-tz 

•^tf i t i&^Si:-rSfl^3 3 

tiztzmkk^mim3 3i l zgffif?)3>v J L-?y' 
s-#tfi t zm$tt-rhmm3 5 KUw^yea- 

[000 1 j 
[0002] 

mmx/^>'9)immsmco»m\i. zzcom±%z 

[00031 r : J9)vm%smtmx\t. % < <o®*% 
mmmztix^z. »ic, iowj:<»^,ix^ttffi 

tLT. JPEGtiJiitffcS. 

rJlMV^ft (DCT) J=flJffl-r5t><7)-C*S. 

r 9 9 z t mm hf&>t&» < m.'Htzti 

it ( 1 o s s y ) j WmUklT-hh. J PEGgSf! 

fctt. tit. mmnzntrnxsm^it (u s 

s 1 e s s ) EMtZ t>Ot*5. 
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[0004] m.-cit. ->x y F3Sfco#»iir 

[0005] araxminfm&mfoemmMffiigL 

m<mm^ *iuzM£ztiz>i,<7)X'ii%\.\ m^izn 
-tz>*7x4 7u-y hfm<om«%mmmtLx. 199 10 

6^1 O^JRI EEEX^ h^A2 6H~3 5W£t> 

[0006] 3ye J .-^-/77^7?XK«t4') 

organ Kaufmann Publisher 
s , Inc. 199 6^(caj^§ilfc I . S t o 
Uinitzif r nytfj.-^ - y?? 4 -/9X<r) 

[ 0 0 0 7 ] $ £>t. i&Bfciiffl-e* sf^ s^kb 20 

[0008] ±«Wti,«18Wfc:t>. x-fS^MI^S- 
[0009] 30 

imupfmtx 0 t-rm&i *&a»? 
-ffcji. mar. wm&mmMPEG**?)m«%:$m 

izm^t>tiX$lz. 

[0010] m&at>tix\,^wgm£*)t>i>-otm 

[00 11] 

*mnzt>ix&. 7M i J9)Vf-9 j Bmmx-h 

ry7t. (b) nmhtv-yvw-wmz^x 
m.zixrz5rm^tt*mftLxiftmm.T-9* 

•yrca. mfe? v •/ F -y y -<r> y -7 y- F03-4 # 
[ 0 0 1 2 ] ifc, r >f s^jirf-^ttitajactw 

fc, BW*«Hfc&tf?y?F'yyHIWC*->T. 50 
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( a ) mtgFHKgtXf? V -y F7 y HS$8£g*H- Sfi? 
iifXf^J:. ( b ) mm^tlfz& :: Ht&>m 

m-i-z>m^Htmi&^x j r y-rt. < c ) riw 

-?tt&S£3aiHfc-rsa»HkXr -yTfc . (d) |? 
BBSOWMttilWW-i^T-yrk. fc*U ffii 

f«, t^m$ivrz&^<mm=HLizm^t>tim 

[0013] Sfc. *^BHfcft-5T«. r -f i/JiVr- 

9mmmxb->x. but-**, 10^x^71/7 
^tu^^smr^mm ixwmmT-? $•« 

mfe? y y F y y -co y -7 y- F<o#* *v ratti 

mFH£7T??ttL. m®m^-9<nm. : tMzmm 
ztizzttmrnt-rz. 

[ 0 0 1 4 ] r * ^*T-^«9aawcev^ 

k. B»t*ffFflaWf^7'yFyUHWI'C*->T. 

BoteM^HkAt/^ V -y F7 U Hf«^ fi^-T Sfitffig^ 
*gk. lifE^^h-^S^NkffiSc^S^-rsS^^ 

rn&^mt . mzs.=H£mf7 v -/ F-y u -fflffitfi! 

fc^c^Ji. t -f ^ ^ yUr-^^^IcT)^*^ n y hr a - 
^rn^ A*sg«5tut 3 y tr "1^*8*$:^ 

lf*7*Fy'J-flMKSb-?T. S^l : HfcftW77 

F-y y -w«?:a^&ffl«a#¥ei: . tuie^?^ 
^t&^v-fF'yjHSSt^^-r. mm&<tzti 

tjv^T. ^y-yFyu-ou— 7y— f«. fisa^- 

A-^-simmm^tt^y^si.-^Tuyy^ms>izii 
^x. if^w-^ii< ft^fcztifzm?fcm. 
t . vmthmFmiV? v y f y y HS#rj>oT . 
msM^Htw? V y F-y y Hff«5ra^-tSffi«a^ 

StffiWSfc . m3&?tt&V7 v -/ F-y y Hf«fc« 
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[00 1 5] 

im<ommmi m\izxy-yrm/x\mw^ 
BBzmM£.mL<wmtz. ^ti^x^yr. m 
mrnzhfzM&Mt. m-nwsm//xiimitz-$- io 

S i fc £ 3* L X ^ 5 i> «OT& h . 
[0016] WTt:ffj&S:llij5C0®©S:iiW61[Sf: 

L/C, **yy 4>y**—i>'*v yxfAX >j 

■fr-* *-xby*)T Pty. Ltd. KJ:D19 
9 7^1^2 2BfctHH5^ t7i?9)VW®BMi t 
mLtt-XhyVTffimtiMNo. P04728fc 

[0017] -nsm/tmmizn ^x N ( swe e 

TH«ffiia^<0«^) . (JglOSWEETH&ffilB 
*S©fiP*fc«l> . (^l«SWEETBIRffi|g*& 20 

cm^w®) , (2Wim:m . zlx (m2<7)sw 
e e Twmmimvmttxm > t$m*tfm:mz 

[ooi8] (swEETH&mM£«8ig) zcm 

ni/o^frt y ? h^b i tc^f. ADmm i o 2 1 *a 

* L<te8Jg3Sa£fTd£BI7'o-y 7 1 1 OtcSfit?^ 

x. K£-tz>3m®m i2%&m-h. z\^xamm 

••/■x>f7Vyb3E8l(DWT) fcJHVYtbJtV*. 

[0 0 19] H««02<jt7nDWTt{i. B&fc*tt£- 30 

-xotmrnzmLftt 3mismmmf8.tt*m^xw 
-fjovtwxtix^h. DTrrcmsiutiftM 

oO^^B«0#<rli x tfctf)Bift?>lM>fc01/4-C 
Bfl^fc«ffl£ftS«f^*47Wh£8IBfft 

[0 0 2 0]#-l/^DWTIi. tOfiHHBflL * 

«itf, B»<03K;PDWTfct lig^ftSrje 
ffl LTfrMHAfc J: oTflMiaHKBIiW?^ K fcS 

«k 0 9fl®MM»i (detail ) l^TAy Kfc lo<D 

&Tt>. #^totffi^^:/^:xKttifc^Bf&fco^ 
T^ffl^OffiSBS-a-A/TfcO. &fca»-o64#<7)l« 
*<f5 (1/4X1/4X1/4) Tft4ifc36»fe. EE 
«fctJWC«l»6 4i:fr*. 

[ o o 2 1 1 u>u m&T-9 zimmz&htztfxo so 
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(dct) tarac**. saa&gi 12. ^ 

mSSl 2 2 aWMSJfCt-y 
M?ti7 ? 1 2 Ofci D»<Hfc5*i*. 

[0022] a-^«iaii^^b5!ia<o*^i.arcfci.. 

0)Btfttti££&S*VCi>i:OBflL *fctt*«)*4S 

[0023] iMStoms0Bmi&»zwb&wm£ 

^RH&fciswc. 8 r b*»y h n j ifcii r b'y h#f- 

Wi-Jf. 8 If yhW^^U 
-Hffla9Ji0000 100 1T^b$itS. 
T\ b'yh3»ilfc&*:'3. h'-/h2, b'-yM, b*>y 
h0tt#«0, 0, lfc&fcS. JEfc. SMItfRoH 
XtXffT-fll^fifcftSr? hV9Ak LxmbZiz. % 
tH2vn8mt.Vv h v-dryxiiz X ->X$kbZtih. 

#IT^«. MXnl!K)ftiaC7C. ff*lSl<0m2<}5c. b' y 
Y\s-*VttfaVim3WtV)3~>X'hh. Hth'yh 

[0024] aM)flt77!J *"-2/ a ^St 

ScT) «-B^<0»«Sfci 0^$*t&. &mm<rM<?> 

mimmMi$mm.<r>*:*<7teizittLx*z < , 

If. StfB9tt8b'-y hmT4ffl<OHfo*S5fefifL. 1 6 
b'y h^K-Ctt 1 2ffl|»Hfn*i5feffrs. *EB8£*r^& 

[0025] «wcv> a t . ^miz*miz^miz 
i5rf^3:^2jffls^-e«asnst>«oi:fii 

^"S. o^O. -HSS-9t9JiKtb' y h^BP^l 
0 01T*i>$nTV^^ ®%te&(rMXt>Z>Z\bZ 
^b-tflF^t'-y h 1 S-^fL. ®%i±JE<mt:3kht?ft 
t'vh0Z?ilxmi>cOkt&. Mrt^ucom. 

ii%mvm<D\s>i;tz£~>xmh. m.$mim^& 
mzn. &,mirrciz^m)d*>izMi>^mLm^A 

[0026] mmi^<vmit3%w&9mxnf&.ztL 
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[0027] (^l»SWEETB«lEj«Jrffi<7)flr^-(k 

am) H3xi^4S:#flgLT. m i (nmsmmmz 
[0028] m 3 itzcomm^itum^-ty n-?- 

-r-YXbh. Xxy7"3 0 2tt>V^T. A;JjBffc£ffl 
VvC8UI#g!K&;**l£. *T>yT3 04t\ A^Bfftli 
tSSS^Sia t L < «iSiii • * x 4 7 1^ y JflV vc 10 

tih. mm. a*b«<o3w^dwt<7)^-. 
timmn owmvx* v^m^nmmt lx 

[ 0 0 2 9 ] Xf7 T3 0 6Tti. ISWfitf®*?)^ 
fl8W>£±ftb*y h (MSB) #tfej£3*U 

^coiaft^a^zaisawfioooo i o o 1 (-nta 20 

9 ) ^7*-?iaxBitNu«berti3fc-fcy 

,TMiMSB#bVh##3T**6fcftT&&. 

£ttfNKff>M S B J: 0 A£ tvff&frOfi t i 5 fc-fc 

[00 30] Sfcfc. Xf»73 0 6T. «HHfc/t5.X 

It. ^Ztihm&<KkX<r)m.<rM&*lfcfcL. m 
HZjStXg&iX'Z h . HX-feT . MnBitNuAer^S-Ca, 30 

[0031] ^ya^t L/C. *&»#A*Bfll'0l$ 
^t^ST'SJ^ y ytifiW-Wf -y T3 0 8 

tr. ^d-mif. mec^iff^ 

B««9iS£fclg. DWTOI^Hl DC-9-77\>K05 
T^tt. ^^^-^MxBitNiuber. ;*7*-:?iinBitNu 
■ber2r^V-XB«tOUT«0iS«*-ttf. 
[00 3 2] XT-y7310tftili&t. 38ftB®«0& 
^WrA>H!!(5Xf773 1 2tXT-/T3 14TSII 40 

flF^ftcOfitr^fii^S^ilXxyT-S 0 8T^y^ 
1S*fc«F<Hfc3*iS. Xx-yT-3 1 2Tti. 

^i: LTBxBitNu*ert5itXiinBitNuiberfc:J: 9ISt£# 
fipSHfcSftS. ^fUi. B«*>fi*?&£'N-x3V#iS 
jBtfeSJaSirtCb'y hXh U-^fcfiF^NkSflSfcftlgll 
fca- KSrigfiWS. «UHi*-f >yT3 1 6-C»7-t 50 
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[0033] mAii^^mmi^itthtctbizms 

<OXr-yT3 1 ;P$it&#JB"C6de region(cur 

rentBitNuiber, linBitNiuber) WS^fS: 7U-ft — h- 
T'J>I> . >! Z f aaxBi tNuater#currentBi tNuirter t LX 
m&2tl&. X7- /74 0 2Xtmifi1i}Zh. 04 CO® 
S^^fcKUl^fOA^JJiciirrentBitNuiberi: MnBitNuab 

£o*j$mmmtLxmiiiixh. l*>u >sm\m 
nmmi>mx?mLxi>x\,\ 

[0034] WfcfB y ? 4 0 4 currentBitNimber 
7 —9 1M nBi tNundieiV'C? ^ — * ± 9>h£ V 
l-S^-x-y^fir&d. ^/O7^4 0 

4^(>fi^) ^jSt-^-tJiMfctT^^Mi 

X7 i -/T4 0 6£0^tt}L#JtfcMS. ^KO^ftii. S 
^^^^CO&^^SffiSt^BinBitNuaberJ: O'J^V^ 
MSBm^ftthZtZmhLX^h. ifc^T'P-y^ 
4 04*J® (y-) ^ii-m^, «Sli«^^0»/^4 
0 8fcjttJ. 

[0035]^7-O.y^408-C«. SS?$fl^«« 

i x i mmm^z+x v ? zff%o . ft5£/o -y ^ 

4 0 8*^ (>fxx) 5SaJiXx yT4 1 

OtCjtttf. Xf7T4 1 0Tfct. 1 X lB** 5 ^^ 
tl&. S^Ktt. ^ iUi^-fk^StBi nB i tNu»ber i 

-y7-4 1 2-CfcL JiPIWlfaiL^IBfcM&. ^ixlilM- 

««« 1 o£Lh<0^a*^ffi)S$iiTfc 0J&a»±^£7' 
D7?4 14K8<. 

[0036] Sl^T'n 7?41 4TH. *S*»t*d*^ 

^r-i.^i6t:j^?M«^x-y^i-s. o^o. mm 

*Stt^W^S . M«rtT'«-5f O^SOM S Btfcurren 

ft. 5S ( 1 ) fc8P?W5£«£SSir6. ^cob'-/ h# 
^■f. St:currentBitNu*er= n X\ otc 

[0037] 
[»1J 

|c i |<2*,V/,/ei > 

[0038] ^ro>y^414*^ (7-) ^SLfc 
^ S5a«^xyT4 1 6{C^<. Xf774 1 6T' 

it. mo (?%b*>mi<r)h-?y) tffftitmuh 

V-MZiiij)2tl. currOTtBitNu*er^*-?#l*: 

-,Y7)s-ytMm<?>t:ibizMjR2tiz. saaii^y 
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1 1 

ny?404(C&#. Ci-C^7^-^currentBitNu* 
ei-ltiinBitNimbertiO-eoSac^SPISttS. * 
WW^, ftt/o^4l 4WM Hxx) £SI 
Lfci§£\ oa0flt«*<5S$r*£, W®S.Xtv74 
1 8£ft< . 

[0 0 3 9] x-f-y74 18-m. fil ("«r;bfc*2 

oh- ^y) tftf^bmxh'J-AtcajflSfU. x 
[0040] ^rnxMs^mm^^mth . ««« 

4®o^Uv<MX<9 (IEfr») MHHK(c^HH$fL& 

(R) 2 0 0«MXM«jRcO^X^L40<^LV^ 
lMX<03&*rfS#2 10, 2 12, 2 14, 216£# 
SUSitS. &^#<0&*ttNxN<DlMXT\ NliM 

iS^bMUm^fl^tlftidN' LX i«o*j»Hb!>'t>*: 
I^SRi*^-C*-&. B^^ffifcLT, T-u-^JSHacon 
-yt>8LTUl.t#££#S!l£-Jflvvc t> 
[0041] Xx-y 7-42 2-Cli. #*OSMr*St£**ll 
tcurrentBi tNimber t m\ nBi tNiMberv ^7 A — 9 ~V$mtt, 
ZtUim4(7^m "Code region (ctirrentBitN 
inber . » nBi tNinber) "OffiiWOftflfJ LfclflV >Tff & 3 

[0042] firWlSfcfc WC . ISft^icurrentB 
itNiaber*»/!>BinBitNuiber^BSk*>y h^^Kfcaj^rt - 

. cuirentBitNu«ber=3tfW#&T\ ■inBitNinber=l 
T&htf. -9(00001001) fctfW-7 f- 

r lj fcS< riooj 

[0043] (mi«0SWEETB®£H8*ffi<0a^S!l 40 
S) H5tt. 03tJj:l^4Oj8Si^fflv^T#f>itfcB 

«<oi^fl^s^a-^-r turn* ^-t 7 o-*-*- ft 
mtmrn-i. xtv750 4x\±. ^^rmmm- 
ztuzx -oxwmmj x&vtfctz. at. laxBit 

Nmber (^^SaatCteft&^OcurrentBitNimbert 
*U>) ^inBitNiMber^rt'Oif^A^^ixS. jg& 

5. 50 
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[0044] At»/75 0 

£. Xx»/7'5 0 8T&. iaxBitNu«beri:iinBitNuiber 
lOT'li. MDYfTZ^LtzMWrnizXimth. 

ymiiZT y 7 5 1 2 -cirr* s . 

[0045] B6(i^)f3— ^"Decode region (current 
BitNiMber, linBitNuiber) £m^X&ffi££$&fct& 
fcftOB 5 coxy- f 7 5 0 8?)PSffl5r7 o-f-v- hT' 
d^TnaxBitNuBberticurrentBitNumberfc LT$ 
Xf7r6 02tSffl*«m5. H6<7>^£ 
S^JBl^fOA^ licurrentBi tNumber fc ai nBitNimber; •? 

[0 04 6] ^7*O-7^6 0 4Tli. currentBitNimb 
er*«iinBitNuai)erJ: O'hSV^S^tSf-x <y ^^fpfi: 
d. &S£7*n«/:7 6 0 4a*K (-fXX) ^ii-r^. J5 
Hi^f v 7 6 0 6 £ft ft . £ i TlWaj 
^a^irS . -eiU^O^. SiST'o -/ 9 6 0 4 fflb 

U-) *mLtd%&. 9m\mB.7u~,9 6 0S\iZWL 

<. 

[0 04 7] Sft5g7*O-y?6 08-m. SSJS^IX 

ifcgTO -/ ^ 6 0 8*^ (-fix) JBltt 
Xf776 1 0fc|g< . Xf776 1 0Tli» -1 XII 

«liixfirr6 1 2tWi^ajL¥)t 
^7*0-7^6 0 8**® (y-) ^jSLfc^ 
^ X»Ut^<y76 14tZtt<. Xt-v76 14X 

[0048] ^7*o»/^6 16-Cte. b'-7h**lfc:^ 

jet&^fcA^^^-x -y ^-TS . ^J£7*n -y 9 6 1 6 

**m (y-) ^sLfc^^ixx-77-6 1 8e» 

tf. XT' y 76 1 SXii. currentBitNimber36*^$ 
ii. S!ffiia»^7-o-7^6 04fc:^<„ *ti\mcr>% 
»£7n7^61 6*5* (>f XX) S-jgLfc^ 

ie!SJixx>7r6 2 0fc3itr. xx-7r6 2 0T»i, fi 

mm^ffymL m* L<H4 ) <0?S5rfi«fc:irS!l?^ 
S. XX-77-6 2 2TJ4. a5yM^5#>***currentBit 
N 1 «berfc«inBitN»fflber^JfJ^T{I'y$n&. C:fUiH6 

izjmtxf)i>m^<mmmt/tii itm^xmh 

til . Xr >y 7* 6 2 4 T'ffllllifft/ai . 
[0049] dtfDi o fc. xyn-^tWtSttO&Jg 
*^aj^$nJtt*«/ b VTfrdty XMi\>oy\x&9& 
^fa-^^L, ^^tTxyn-rtrfflta. 
i:iJ-e<?><{i1fff-t>ji^^h'-7 h& (currentBitNuiber 
*^«inBitNu*erir. •eixA>fc:^-fe'o*'*|,J© 
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[0050] ( 2&7cw&0i) ttmi±*<vg&m. 

hfrt>fft%.<7)&.TtiLt'v r-'V ^5*-:?iinBitNiuber 

**tSM»=*Sl>ttt*LTV^. 10 

[00511 4 X 4ft|&£r£tf 2»5c1S«cOflF^'fl:<O0| 
to^T, 07 (a) *>/S>07 (d) ZgmLXmWt 

07 (a)«04X4®«7 0 0<0®S{±, 
CO? ^ti*«b'7 r-#^ ( b'y r-TU-y ) 7 
fcBaxBitNuiiber£ -fe -y h LT mkth . 

[0052] 

[&2] 



r 200 


13 


-11 


-8 


-13 


3 


-4 


-3 


8 


1 


-2 


-2 


2 


-1 


-3 


-3 
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WfrCDBttJ?^ ■inBitNuBbo-Ji3t-b-y 'V 
•y^±»xBitNuBberfcBinBitMuM)er^^-tf^^3Sfe: 

aj*$<is<o*saiu^. ««7oo^flp^fl:-rsjio3i 

[0053] currentBitNuiber= 7t\ v$&7 0 0 «b* 
•yh#^7 (04<7)&5£:ro>y74O4. 408. 4 1 
4t}XVX7->y74 1 85-#!S) fc*tLT*»C*&*> 30 
Z>iHJ}Ztli>. fg«7 0 0li. 07 (a) e>%±<r>mm 
710, *±^«7 12, £Ttf>S«7 14, 

a«7 1 6<?>4m<7mm®£iftmzti?> (04?>*x 

•yT4 2 Omt) . SH#««<#**i2 X 2688rd8fi!t3 

[0054107 (a)«SM«7 10, 712, 7 
14,71 6te3£fc07 ( b ) £&HLTi>mm<r> 
mis-try X-CfftfoZtLZ. *«7 5 0«4ffl«oat 
#®«7 5 0A~7 5 0D-eaiJi!tSftS. 0ffit*LT 
*>S3*<o^WJij!!«loM#4^iv-^yx. fip-fct 40 
±OStfH8«7 5 0A. *±0&}r«#7 5 0B. £T 
«af^««7 50C. £TOSItfrSi87 5 0D-?-;h.-eh. 

[0055107 (a) c^immi i oim®£-Vft 

{£2tl& (04<OX'r y7"4 2 2#5I) . currentBitNu 
Bber#7£3UYk§£. l#«rW^fcai*;Sfl&. 
SS^««710«-HKSO«2 0 0, 13,-13, 3 
£#t£4fll01 x lHfgfctfgiJSfii,. dfi^O&S 
<7)&* (icurrentBitNuiber= 7*^iinBitNuBber= 3 £ 
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4O^rD«y^4 0 8tXT-yr4 10#^) . 
b'y Mi*&g&<!>ttS:*j;S*il>. d^idtL-C. -Hffift 
2 0 0&6fiP#tf * r- 0 fc^JfC 1 1 0 0 1 1 
EF*Hfc3*l&. fi&HI13tt8r^b'-y r-0ft£-C0 0 0 

0 1 k LXVftfcZtlZ. mm- 1 3TlifiF*tf h 

1 <oov^ ooooi £.wmt2ti& . mt£. 9mm 

3li0 00 0 0 (^b'y r-&L) & 
ffiSWHff-ffcSSBHL currentBitNuiterfcninBitNuiber 
OlSfc. r 2 0 0 j Ob'-y hfc5ttf-TS 2fflO 
I" 1 j b'-y VZ-ttt. ZtlTtE±fffflffl&7 1 0<D*r 

: 

[00561 
[&3] 

1111001 6 00001000001100000. 
200 "l3~" ^lT ^T" 

^ -y ^^iiaifco^iSfc^ I/O v ». 
[0057] *±<7>gl5^«7 1 2jWMcflHHfcS#l4 
(07 (b)#JS) . S«712Ji. 7, 6, 5, 4fc 
^ Hr V;urrentBitNimbercO#-* fcOV^T^TKT-^ VVO 
T\ «IiX/5COb' y h#^T0* s aj*^n.S. currentBit 
Ni«ber= 3 Tti 1 #aj;Jj3;ft.6#. ifUib'-y hTP- 

«#7 12ii«-ll, -8, -4, -3£3rf.&ix 
lB£4fflfc#S!|§*l6. £*1*>£>-Btt8t?)«{i. «^ 
b'y h KOOVVfcb'y r-£l . firtb'y h 1 <Db'-y hfi 
1, fiF^b' y h&UDb' y r-fiO, 0fc#*a^3*l. 

[0058] 
[SC4] 

1111001000001000001 10000000001 n 0 

-11-8^5 

tcTvmwmi i4im\zvfttt£tih. mm 1 4 

7, 6, 5, 4 ItZW L VrurrentBi tJJuBber^'!? t 
^X^MXZWT. ifl<t><0b*-yh#^-C0*Jaj* 

. currentBitNu*er= 3 Tli 1 *«aj* 
£*tf2b'-y h71/-^h*7 h##3t^LT«STft 
^tbTiii. S5i>««7 14ttfi8, 1. 2, -1£ 

^ 1 x inm4®tzftmzti&. ztit>#&«. n 

^b'-/ hO<02jffiRl . fcit^flr^b- y h(r>^23m 

0, 0, oti$^fl:§fis. 

[0059]g&(C. fi-2. -2, -3. -3^^Tt 
ttTV&fimm 1 6*»^fl:?ill>. currentBitNu 
i*er=7. 6. 5. 4. 3 7 1 6tfZ 

tit><r)\L-, hmz*tLximx'te%^tiibo itn^-t 
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[0060] 
[&5] 

HIIOOIOOOOOIOOOOOIIOOOOOOOOOHIIIOOOOOOIIOOOOOOOOO. 

^zi-yizimiztftiwmizz^-oTmi <c> m 

[0061] mmmiizmnirmx' r j; oxv- h j 
t:fr&3c:fc#T#£. viwia^ rj^xv-H & 
2r£<Dlo#07 (d) t:0*LT*>6. ico^. # 

o#/?JgJirfS. £fi#07 (d) izm^LXhh. Z. 

t> t crymicnfflcrwfyzm&iZ-fmizm-T 
«s^nff-c#. ztuz^xT^-yizmi <c > t: 

[0 0 6 2] (JB2«SWEETB#ffilB#*£WM: 
*UI) fficOSWEETatii.^'ftaiyi^V^T. S 

[0063] Tz/ftimw&tocDim ^^yuyh 20 

<9lSIUi-ffl<0{&Sti:&>K Cl*Ui**Wt:Bm£fltf) 

mt^Lw mt&^ ms&#iz^x(vfm. <;x4 

>y ?#ft£>!Kifc • »/ hSa&dU B«£«&7- 30 

o -y ? L#^o >y 9 fc*T LT£&£ Mffl 

i-hZtizJn 9Hfre§ % £ fit: i. -j T Hftft 

zgm%&wizmmi,t:DWTmLt:mm-r& ztwx 

W&rMsry? o -y ? ofi/NSofflSflMflT ( 
LT) ^07? £HHWt:fir*Hfc-C£ & i fc T 
*5. 7u»/:7ijift<o^i*^t:**'J-t:n-# 

fflv^TlgSL^^fc:{i-«t:«»*fi<rcfc-&. 
[0 0 64] 09l±352 <r#&ttJjmco7u>y?Mt.®.(D 40 

T9 0 2 6. XT77904T. -X-y^WjfcJj 

$L 2fflW?7.* — ^laxBitNu^erfcwnBitNinber^if 

two^mu^ *zris a ytix. mmzx-oxuz 

[0065] 4^-fk/N*5^-^MxBitNu«ber«ai^^ 
SrCgtR-CSS. ^T«7)B®ro-y^fcoV^T. .1*16 
COO ^fc'*lA>3r«r^fc-f SMt^O -y ? DWT^UfT 
-t6*§£\ ■axBitNu*er{J^gSODWTyo-y^t:^ 50 
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£^<9&I^MSB#^fc&£J;dt:§jR-C£&. 01 
X.fcf. £*ct>&8#i 0000001 (-BI8129) 
tfttlt^ BBxBitNu*er»JMSB*«h'-/ h##7Tfc 
4fc*>7fc-fc*h3*i4. iWH*Mc. A^3B«^ft 

tm&g.izX'3xm&&vtsmm£m^hztffx£ 

B{iJ + 7"CKl3J6*u JJiDWTW^HST'fcS. 
To -rw^^-^coSSWiffilBt: 

tt, ■axBitNuober^S!J?-rSt>oi:it«$<Xfe*a^ffl 
VtZ&ftth. 

[0066] yt^^-^iiinBitNuiiiber«£BffiJtt:^S 
BW<*>*fc3-v>£&5£L^5g-e§&. Mitf % HfflR 
iCj&^&Ttt. S3*«8b* yh^-xir-;Pi3tJi 
2 4 t' y h RGBBITC5fc#&Bfr£iggW-6. 

[0067] Xxy7-906-C<i. I8#7n7?(:# 

oisoi^mx*) tmmg.&'bzztzTZ 

■y:?lMX#>\ 3^4U'Ol'DWTtJ:Sal'^£0 
BEi»t:^T*l.. 3 P^DWTT<08 X Sim^f 
X«#ro 7?WDC «S{cWLTHi^^ 
xaff^l (DPCM) S:ffl^&Ci:TA»^19r^flaft 

[0068] Xf-/7*908"Cs #rn«y^«U-^^ 
7h$f^«A>'||fT§#l?.. a*L<«. DWT« 
£flS. B«ffl±t"<;^7h$fl 8b'-/ h 

DWTTli. S^yn-y^^^W 
S^Py^t:^V^T^<?>*XO»^*««ej||i: $flS<0*« 

[0069] XT-/T9 1 OTti. MxBitNuAerfcBinB 
itNtMberyN-^^-^SrfflV^ryo y^^^-ftfS. & 
IWT779 1 2T»7"TS. 
[0070] •?nv7t:$ftikthA7-v791 OibW 
1 0»7a-ft- hti^Bta^LTfeS. HI 0<D 
70 ^^^fc35Ul^.t7)A*<icurrentBitNuri)ert> Xlf 
■inBitNiaberK^-^i^-iftf. @9<?3X-f-y7'8 1 0 
Ki>V>T. KxBitNuiberJicurrentBitNimber^t^^— ? 
tLTATJSflS. S&«J±X7 i -/ri0 02T4&*S. 
S^yn -/ 9 1 0 0 4 Tli. currentBitNiaben^iinBit 
Nu*erJ:>)/h$V>*^^ri.f-x«y^f-^d. 
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07? 1 0 04#K <>fxx) ^IU^, «UUiX 
■f yri0 0 6{catf. Xr-yT-l 0 0 HfT** 
iqViiiLKUIfcigSfU .rflfc^TTOy^rt^T 
£9^*<iinBitNiMber«}: 0-»h$V^M S B#^Sr^TtSC: 
fc £$kh~t . ttlWUamttT. S^yo y 9 1 0 0 4 
lift ( y- ) Srii-T fc % Km&Strv y ? 1 0 0 8IC 

at?. 

[0071]^^P-y^l008Ti±. 
?mmi)>&5£t&1-x. y ? £fT* 3 . &£:/o -y ? 1 

0 08*<fc (y-) £jRLfc*§£. «UUi*r-y71 0 

1 oizxtr. xf-yri 0 1 o-m. fiMHbmto** 

iti* $ ^tcurrentBitNuBber^T^ 0 * > h S*U WV > 

£70 7^1004 tatr . ifUitf »t^yo 
•/?1008*>1 (-fx*) £jgLfc«&* JHftUf 
771 0 12fcjitf. 

[00 72] X^T1010fc#tfT85£7o>y:$'l 
0 0 4 b 1 0 0 8fc J: 9 J01tt7a -y ? rtT'ft*;<D&& 

com s b##* aoftas-f £ fc **?# t&s . 7 

O y 7 l*i<?>£T<DftSt<7>M S B#^*«currentBitNu*er 
J: 0'J^tth.<fcurrentBitNinbert:*tLT7'o-/^JiW 

^fcttMinBitNimber i Ocun-entfiitNinbenJp/J^ < 

[00 73] Xf771012t. h' y h71^-y**£ 

mrch zzt zmfr-rx o t . #*rft^K<± 1 **as7j 

Ztlh. ^7771014711. DC^TKyK**}^ 
4t$*l&. Xr-y71016THU rnv^omfaP. 
:?J. currentBitNinber. iinBitNu«ber£#|V> 

■c«HWfcS*i*. xf»ri o 1 8-cii. Hfrawas 

L#«fcM*. o*"9. 7o>y^*r^rST*iitf, Xf 
•y71012. 1014, 10 164£g?r3*U (HE 
•ft;) 7 V K>y U— - -fe^y yf-y a y£fl§Vvc«inBit 
NiaberJ: 9*#&MSB#^£:Tt6£Ttf>&»£j|.tt 
frtidfc-fS. 7uy7*<WS : 3rf&&fcli. DC1T7A 

rTo-y^Wtj tumffLS^o y^co. 2<B*> r-*r7 

^ j «o7n y y tcov^-cos^s^i«s-^*>-r^«>T 

*>*>. 

[ 0 0 7 4 ] D C-»t7m> HPNHcotf vcoH 1 00 
Xf771 0 1 4*501 2<7>7a-f-v-h-^BatcH 
tfLT&S. O^O. 01 2licurrentBitNuiibertBinB 

o>y^coflr^ft}5Si$r^L-CV^„ ^7^71 2 0 2T 
&KPift&&. ^70 7? 1 204714. currentBit 
NuibertfmnBitNiMberJ: "J/hSVVft^flJ&tSf-x -y 
15*5. ^£707^1 204#K Mx*) ££Lfc 
=5:4.. «UIkU-f »/71 2 0 6fc^<. Xf77120 
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ifeg7o>yy 12 04**fc (y-) *£Lfc*£. «M 
l±*£7Q>yyi20 8(CjItf. 
[0075] ^D7?l 208T« 
«0) 7o -/ X*< 1 x 1 HS*^Sf-x y y £fr 
^£7d7;1 2 0 8#K Hxx) ££L«* 
W^f771 2 1 Ofciitr. Xf771 2 10 

^■t'-y hfc^tT, currentBitNusfcertiinBitNuiberSr 

10 9miiXTv71 2 1 2-d*tX^'L#WW:MS. **Ua 
no>a&. ^7u7?1208A«fi(y-) £iIW: 
^r^>. ««Ui»lSyo.y^ 1 2 1 4fc3Kr. 
[0076] ^7n-y^l214fti. 
<?)) 7n-,7mim*m*Z>*x y?$:fiZo. ^7 
D-y^l2 14*^(y-) £i£L*:*§£\ 
-/Tl 2 1 6fcj£tf. Xf771 2 1 6Ttt. 
MZ 0 ^ai^I ^ilcurrentBi tNumber*^^ 'J y > h 

s . saati^To y ^ 1 2 0 4 tc^< . ttismom 

nt, ^7D7?1 214*« (^xx) SrML^ 
20 /i. «SI«^x>yri 2 1 8fcittT. 

[0077] Xf-yT-12 18-CJi. (t/^H) ^ 

0 y ^*i*ST*& fc ^ ^b-T J: 3 1 *<»^fl^tc: 

XT7712 20TI1 (^yA>Fc7)) 
yn-y^*«4ffl<7)^yyD y^^S!l$ix6. Xf 77 

1 2 2 2 TfcL m 3 2 cOjiyitiS^iWtf JiJ L 5rfi==5r 
V^. currentBitNiaberi:mnBitNurf)er^fflV^T : S-' ! ?<W 
^07?^mf5. Xx-yT12 2 4TJi. Itff 
*^l^ajL#«*cMS. 

[OO78]of)012 LfcJSUI-ra. 

ao yK*^ii-f-<wyya y^*5flr-^k$ix6. fe*:<oM 

SB#^«BU3&OJ:dfc#8S*t.£. -9-y7n«y^*«i 

itZtl&. ■ZtlWy?>%&. currentBitNiMber*«-f 9 V 
JtyhZtlX, curraitBitNuri)er*5mnBitNu*erJ: O'h 
$<^S^T. ifcttrrKyH (t77n7?) tfti 

H (WD7?) *»*»6r^ 4ffl|<0 (T«««(t 

40 currentBitNuiber*^MINBINNA,^fth' -y h £ JtJ;*J-t5 
oW^'oiO^fc^tJiJA-rSW*^* LV\ 

[0079] yo-/^«ffls^i^-ftrst«)<oHi o<o 

Xf771 0 16HH1 lcoyo— f-v-ht^LT 
Xf771 1 0 2T#!S* i i&2S. Stlgyoy^ 
1 1 04Tli. currentBitNi«ber*iiinBitNuBberJ: O'h 
S ^*^-T5^x y ^ £tf^r 3 . 7^110 
4**S(^XX) ^JRLfe^ Xf771 10 6TH 

mtm/tat^mizmh. *tiim<?)%£. ^yo-/ 

50 9 1 1 0 4**fe (y-) SriSL^^^Wi, 
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[0080] ^^0 x^1108^. /0 7? («8 

1 1 0 8#® (y-> «HiXr»yi 
1 1 OKiitf. ^f»/71 1 1 OT\t. ffttt&MizO 
^aj^J^iUurrentBitNuiber^T^'J^O'hSiil.. «l 
aii^T'o.y^ 1 1 04fcjttf. **UattO*§££ 
^D7? 1 108#g Mxx) £®U:3: 

Wii^f^ri 1 1 2fciitf. 

[0 081] Xf7 7*1 1 1 2T1±. 7oy? («H&) 10 
^^TSTfcS <! 1 3 fffMC 1 ^ffi* $ 
tth. Xf771 1 14-Cfi. HIGH-LOW (H 
L) , LOW-H IGH (LH). HIGH-HI GH 

( h h ) mm^f^y Y(d&* &&5itzti?> . 

<0»?«Jg<DHL. LH. HH^SSt^^NVHJl^jltC 
AC^AyFfcDffcmS. £*U^1^n>K<7>#* 
{±06<O««itLfe36<oT«r^^tlS. Xr-yT-l 1 
1 6 Ttt. ( 7n y ?iffi3#SHfct 0 5 

- 1 , currentBitNiuber, iinBitNumber^fflV^T7"0>y 20 
?«iaS;&Wft£*U. *r«yri 1 1 8"C3Wftt»Rf 
StiL*JHcK4. 

[0 0 8 2] d^iatC. l^^JT'^yo-y^iOti 

. icun-entBitNimberfcr? LX 7n 

•y ? i^Sfc&S two* iti^S .HfcfcJ: DfrS: 
3. yoy^JiiRtW^JWBffl^K^jfe-tyAv 
F i: J - 1 Kr?vvc ( J - 1 W 0 J; <^*§ 

vvfoipS l/f JBs&O**?.? F;l/*T/Kck 90S#$*i 30 
h. 

[0083] S&2Offl8^fciEtfc«^*!UIIi09*> 

&@i 2imiixmwit:ftW!mizm?ztiizj; 
[0084] t^oT. -(rm^imsm^it&mftcri 

^i«»coyo.y^<r)5fcfT-r6-eo^3Kt5 U£« 
flP^HfrfS) t><r>?S>&. *fi»J4, ttSO^Xwa 
-FTSOB«U9&#£S8£4*££(;:l8LTfc . © 
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[0085] (iam:$m<rffim.) *sm&9&<wm 

w$m%T**uzmm i *><). mz. raLftstoiin 
itzt>iz£&*izwm s b&. i^-c. wmmvxj 

[0086] *i\ m\3*mk-t&. xwi-frw®. 

U±Stffc?x>f /I/7 F^8t (DWT) S-f(|fflLT4o 

o-9-yB®3~6fc^2n5. t/itesiw 

AyFliiiSLLl, HL1. LH1, tiit/HHlT 

-^;PB»wo-y^ig/jNjRi;*S . 
[0 087]fflffl3il*:'>x>f7V-yF^&li, «i 
tf. Haarfflj£«flg. Daub e c h i e sfflSgtaig 

^SliLLl-t^N'VH^ffl^ii-C. B 
1 4fciK3*LS«};3£JB2tf)fgii»>x'f 71/7 h$mfi 
JM^it. If^^y F L L 2 (8) „ HL2 (9) . L 
H2 (10), HH2 (ll)mW. 

-•7*vYy <)V?Ky?h.vmtt^ LL4-^ 
^O'FJiDCW^FfciWfLS. $i?>fc:v> 

[0088] 7cB»£i#s**>fc:{i. #u^kddwt 

WTtl?X 

[0089] KSWfcB«$-«r^flrrS^. D CV7 

><y f ^flr^-ftr* ^ t x-vmzwm-h ^ t vtz 

6. *dLT. SWW/^Ktl. W-'v/^S^S 
i d tdBStcfif^Htrs. 4 P^DWTtcov^Tv^i. 

HT» WOl/4<01f:7VN>F\ O^O. HL4. LH4. 
-eLTHH4-9-y^>FttDC-9-y^yF ( LL4 ) CO 
a£***rfl:$*l6. iJCt. U"<7P3 (HL3 , LH3. 
t>i^HH3) W7A>Hmft?^ gV^TK 
;P2 (HL2. LH2. t5«kl^HH2) ittirkV 
(HL1. LH1, tJit^HHl)*«flPf^$<X 

[0090] SJiKoBIRfcPIL-Cv^tf , ^-f-ft;^^ 

t;. ^«9>i.. ^<5>«LlfLtf«t0itf *>5rh'y F5d 
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[0091] d <r>W5Wm<rMmtm l 60:70-^- 
3) . 

[00 92] #-9-^A>'K-C3o<OXr yr24~26 

?>7-yh"y'JHj|*#8^fl:3*l£ Uf772 6) . 
[00 93] Hi 7ti>Wt\ m^*!«l*5S$ftT ^ 

f'/73 1 ) „ mm3 2—3A\t^<n^-f^yY\zm 
mZilh. &tt<W»/T3 2T'\m z f-ttJSlV9V y F 

?y-fll»W*§-3*L4. ifcfc. S^HtZhfzmtirx 
x y7-34-C3aW!ffii$nSrat:. S^SfU.. * 

^^•n^^v^mmtih uxyT3 5)*#ji 
%mkmm<7Mmft\i£tm:9 v •* w y * 

•y H-y v-mk£m^x&«&H X0)mmt,zm.wt,ti 

3 y-7#M?ft<7)7T ^V-yH'y'J-<0 
«BliWiWfr?4 >£.®iXfi*j:bi\&. 9Vv H»y 
'J-Xtf* *Uc£i.TSfflT-£ i,T-9mmz^X(T> 
-kmmtLX. 1984^6flJR3ytTi-^-^ 
>(187I~260I(:ASHanan Sametf 

jyTvfzmtLxzmztizmTtt/^x- 
-f>T7?xiii t4>?*7 7F-yy-ffl& * 

<7>?y y YVV-n&V-yfizmthMFHCT-f tft 
[ 0 0 94 ] <^^^flrt^5!«l^fi]fflr^ 

^mHL<mfm^\t. *0>frF{tT-9<r)$ftttii. sw 
EETJSJI£fiJfl!LT^^££fc £*Ui. 
±j&0)*-XhyVT1im¥rtim*lo. P04728K 
fcV*T|g^3ft£k<0T*>->T. tTPCIiSWEETft 
^•fbfcffr*-*. Ztli)*t>tyt>Mz1-&tf. *|&B8Ji. ^ 
4^$-y:?jHHt£fPB-f&i>WX ft#OSWEET 

w?tt.t\m%h%><r>x'bh . 
[0095] KrtT^fswtfi^s-^ 

£#Sfts . * y -/ K-y y -ti-oto^isa^vK oa> 
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min [cost = d (Q) +Ab (Q) ] (geSl) 
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ZZX\ ^l^tdzWmiib (Q* ) "Ct>S. 
[0111] 4*£itfcffiti*fc^£«2S#iS:#£*: 
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(bits, distortion, n.ai] = findQuantisationQuadtree (region, n, A) 
{ 

*/ 

*/ 

(bits, distortion, q) = findOptiainFixedQuantisation (region, n, A); 

set fixedQuantisationCbst = distortion + A bits; 

/* 

**mm<o? v -/ yv u -^M"Htm^m^<r>ax y jio»t* 

»q.i n \m/bMFW£7T79X'bh 

*/ 

set thai = largest bit muber in region quantised with <fcin; 
partition region into 4 sub regions; 
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(bitsl, distortion), nnail] = findQuantisationQuadtree regionl, nasi, 
A); 

(bits2, distortion2, n»ai2) = findQuantisationQuadtree region2, nasi, 
A); 

(bits3, distortion3, nnai3) = findQuantisationQuadtree region3, riaai, 
A); 

(bits4, distort iond, naai4) = findQuantisationQuadtree region4, nasi, 

A); 

set bitSavings = 3 X (n«ai - naxduail, n« ai 2 P rk«3, n.ai4); 

set variableQuantisationCost = distortionl + distortion2 + distortion3 
+ distortion + A (bitsl + bits2 + bits3 + bits4 + (n-naai+1) - bitSaving 
s + 1); 

/* 

*/ 

if variableQuantisationCost < fixedQuanti sat ion Cost 
{ 

distortion = distortionl + distortion2 + distortion3 + distortion4; 
bits = bitsl + bits2 + bits3 + bits4 + (n-n.«+l) - bitSavings + 1; 

nam = «ax(naail, n«ax2, n»ai3, rbai4); 

) 

else // mmTttjm3. ( 'J ?->'*7X-?\iBUZJEL<&fcZtlT^ 

h) 
{ 

output region and quantisation factor q 

> 

) 

(bits, distortion, q) = f indOptinnFixedQuantisation (region, n, A 

) 
{ 

/* 
*/ 

set cost = infinity; 

loop through the quantisation factors qi 

i 

quantise region with quantisation factor qi; 

bitsQ = SHEET code (region, n); 

set distortionQ to the quantisation distortion; 

if distortionQ +AbitsQ < cost 

{ 

cost = distortionQ +AbitsQ 
bits = bitsQ; 
distortion = distortionQ; 
q = qi; 
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*/ 

set bits = bits + mutuant i sat ionFactorBits + 1; 
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1. TITLE OF THE INVENTION 

A METHOD AND APPARATUS FOR DIGITAL DATA COMPRESSION 



2. C 1 a 1ms 



1. 



A method of compressing digital data including the steps of; 

(a) transforming said data utilising a discrete wavelet transform to produce 
corresponding transformed data; 

(b) quantising said transformed data utilising a variable amtiiisation 
s determined by a corresponding quadtree structure wherein each of said quadtree leaf 

nodes has an associated quantisation factor utilised in said quantising of said 
transformed data. 

2. A method as claimed in claim 1 wherein said quadtree is determined to be an 
optimum in a rate distortion sense. 
io 3. A method as claimed in claim 1 wherein said quadtree is encoded utilising a 
binary prefix notation followed by a list of quantisation factors. 

4. A method 35 claimed in claim 2 wherein the method of Lagrange multipliers is 
utilised to determine said optimum, 

5. A method as claimed in claim 4 wherein said optimum is optimised fox a 
15 prebtaennined bits per data item. 

6 . A method as claimed in claim 1 » wherein said digital data includes image data. 

7. A method as claimed in claim 1, wherein said digital data includes video data. 

8. A method as claimed in claim 7 wherein said video data includes frame 
difference data. 

20 9. A method of compressing digital data, which digital data includes' encoded 
quantized coefficients and associated quantization and quadtree information, the method 
including the steps of 

(a) decoding said quantization and quadtree information; 

(b) decoding said encoded quantized coefneeats 

25 < c ) ^erse quantizing the decoded quantized coefficients in accordance with 

the quantization and quadtree information, wherein each quadtree leaf node has an 
associated quantization factor utilised in said inverse quantising of said decoded 
quantized coefficients; and 

(d) inverse transforming the inverse quantized coefficients. 

30 10. A method as claimed in claim y.wberein said digital data includes image data. 

11. A method as claimed in claim 9, wherein said digital data includes video data. 

12. A meihod as claimed in claimll, wherein said video data includes frame 
difference data. 

13. An apparatus for compressing digital data including the apparatus including; 

35 transformation means for iraosforming said data utilising a discrete wavelet 

transform to produce corresponding transformed data; 

Quantization means for quantizing said transformed data utilising a variable 
quantisation determined by a corresponding quadlree structure wherein each of said 
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quadtree leaf nodes has an associated quantisation factor utilised m said quantising of 
said transformed data. 

L4. An apparatus as claimed in claim 13 wherein said quadtree is determined to be 
an optimum in a rate distortion sense, 
s 15. An apparatus as claimed in claim 13 wherein said quadtree is encoded utilising 
a binary prefix notation followed by a list of quantisation factors. 

16. An apparatus as claimed in claim 15 wherein Lagrange multipliers is utilised to 
determine said optimum. 

17. An apparatus as claimed in claim 16 wherein said optimum is optimised for a 
i o predetermined bits per data item. 

18. An apparatus as claimed in claim 13, wherein said digital data Includes image 
data. 

19. An apparatus as claimed in claim 13, wherein said digital data includes video 
data. 

is 20. An apparatus as claimed in claim 19. wherein said video data includes frame 
difference data. 

21. An apparatus for decompressing digital data, which digital data includes 
encoded quantized coefficients and associated quantization and Quadtree information, 
the apparatus including; 

20 means for decoding said quantization and quadtree informatkm; 

means for decoding said encoded cocfflcents 

means for inverse quantizing me decoded quantized coefficients in accordance 
with the quantization and quadtree information, wherein each quadtree leaf node has an 
associated quantization factor utilised in said inverse quantising of said decoded 
2s quantized coefficients; and 

means for inverse transforming me inverse quantized coefficients. 

22. An apparatus as claimed in claim 21, wherein said digital data includes image 
data. 

23. An apparatus as claimed in claim 21, wherein said digital data includes video 
ao data. 

24. An apparatus as claimed in claim 23, wherein said video data includes frame 
difference data. 

25. A computer program product including a computer readable mediura having 
recorded thereon a computer program for compressing digital data, the computer 

as program product including: 

ttansforrnation means for trans forming said data utilising a discrete wavelet 
transform to produce corresponding transformed data; 



r«»i w>. iin*innwt 
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quantization means for qnantiTi n g said transformed data utilising a variable 
quantisation determined by a corresponding Quadtree structure wherein each of said 
quadtree leaf nodes has an associated quantisation factor utilised m said quantising of 
said transformed data. 

6 26. A computer program product as claimed in claim 25 wherein said quadtree is 
determined to be an optimum in a rate distortion sense. 

27. A computer program product as claimed in claim 25 wherein said quadtree is 
encoded utilising a binary prefix notation followed by a list of quantisation factors. 

28. A computer program product as claimed in claim 27 wherein Lagrange 
io multipliers is utilised to determine said optimum. 

29. A computer program product as claimed in claim 28 wherein said optimum is 
optimised for a predetermined bits per data item. 

30. A computer program product as claimed in claim 25, wherein said digital data 
includes image data. 

15 3l - A computer program product as claimed in claim 25, wherein said digital data 
includes video data. 

32. A computer program product as claimed in claim 31, wherein said video data 
includes frame difference data. 1 

33. A computer program product including a computer readable medium having 
20 recorded thereon a computer program for decompressing digital data, which digital data 

includes encoded quantized coefficients and associated quantization and quadtree 
information,, (he computer program product mcluding: 

means for decoding said quantization and quadtree information; 

means for dfrorting said encoded quantized coeffkents 
2s means for inverse quantizing the decoded gnnnffwrf coefficients in accordance 

with me qua nt iza t i on and quadtree mforraation, wherein each quadtree leaf node has an 
associated quantization factor utilised in said inverse quantising of said decoded 
quantized coefficients; and 

means for inverse tjansforming the inverse quantized coefficients. 
30 34. A computer program product as claimed in claim 33, wherein said digital data 
includes image data. 

35. A computer program product as claimed in claim 33, wherein said digital data 
includes video data. 

36. A computer program product as claimed in claim 35, wherein said video data 
35 includes frame difference data. 
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3. Detailed Description of the 
Invent ion 



Field or Invention 

The present mvention relates to the field of computer data compression with 
5 particular applkatbn to digital image compression. The present invention farther 
provides for a spatially adaptive ouarmsadon using quadtrees of discrete wavelet 
transform image and video data. 



Background of Invention 

The fidd of digital data compression and in particular digital image 
cornpiessionar^ digital vkto compress^ 

In the field of digital image compression, marry different tecfimiraes have been 
utilised. In particular, one popular tectonque is the JPEG standard which utilises the 
discrete cosine transform to transform standard size blocks of an image into 
corresponding cosine corapoxjents. In this respect, the higher frequency cosine 
crarirx>oents are heavily quantised so as to assist in obtaining substantial compression 
factors. The heavy Quantisation is an example of a "tossy" cechnique of image 
fconmression. The JPEG standard also provides for the subsequent lossless compression 
of the transformed coefficients. 

Recency, the 6eld of wavelet tr aj at bi in s has gamed great attention as an 
alternative form of data wromression. The wavelet transform has been found to be 
highly suitable in representing data having discoiiiimiities such as sharp edges. Such 
discontinuities are often present in image data or the rite. 

Although the preferred embodiments of the present mvention will be described 
with reference to the compression of image data, it will be readily evident that the 
preferred embodiment is not Hrrrited thereto. For examples of the many different 
arjplicatlrjns of Wavelet analysis to signals, reference is made to a survey article entitled 
•Wavelet Analysis" by Bruce et ah appearing in IEEE Spectrum, October 1996 page 
26-35. For a discussion of the different applications of wavelets in cocrputer 
graphics, reference is made to "Wavelets for Computer Graphics-. I. Stollinitz er_ al. 
published 1996 by Morgan Kaufmarm Publishers, Inc. 

Rrrther, digital compression techniques applied to video streams are also wefl 
known. For example, compression techniques relying on the video tame difference 
signals are also well known. 

For objective and subjective reasons, better compression of digital signals can 
be Obtained hy varying the amount of quantisation of each region as compared to using 
a fixed amount of quantisation across a whole signal. Of course, usually some coding 
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overhead will be required to indicate how the quantisation has been varied across the 
signal. 

In the past, adaptive quantisation has been employed, for example, in the video 
ccmpiession standard MPEG and its various implementations. 
3 11 would be desirable to provide for a more adaptive form of quantisation of a 

signal rather than the fixed techniques presently known. 

Aspects of Invention 

II is an object of the present invention to ameliorate one or more disadvantages 
io of the prior ait. 

In accordance with a first aspect of the present invention, there is provided a 
method of compressing digital data including the steps of (a) tramforming the data 
utilising a discrete wavelet transform to produce coiresponding transfonued data; (b) 
quantisaig the transformed data utilising a variable quantisation detennined by a 
is corresponding quadtree structure wherein each of the quadtree leaf nodes has an 
associated quantisation facte uta 

In accordance with a second aspect of the present invention there is provided a 
method of decompressing digital data, which digital data includes encoded quantized 
coefficients and associated q uantizatio n and quadtree information, the method including 
20 the steps of: (a) decoding said quantization and quadtree mrormatian; (b) decoding said 
encoded Quantized coefficeots; (c) inverse quantizing the decoded quantized coefficients 
in accordance with the quantization and quadtree information, wherein each quadtree 
leaf node has an associated quartfizatian factor utilised in said inverse quantising of said 
decoded quantized coefficients; and (d) inverse transfccimng me inverse quantized 
25 coefficients. 

In accordance with a third aspect of the present invention there is provided an 
apparatus for comr>ressing digital data including die apparatus including: transibnnatkm 
means for transforming said data utilising a discrete wavelet transform to produce 
corresponding tiaiisfonned data; quantization means for quantizing said transformed 

ao data utilising a variable quantisation determined by a corresponding quadtree structure 
wherein each of said quadtree leaf nodes has an associated quantisation factor utilised in 
said quantising of said transformed data. 

In accordance with a fourth aspect of the present invention there is provided an 
apparatus for decompressing digital data, which digital data includes encoded quantized 

as coefficients and associated quantization and quadtree information, die apparatus 
including; means for decoding said quantization and quadtree information; 
means for decoding said rnrp rt ed quantized coeffkents; means for inverse quantizing 
the decoded quantized coefficients in accordance with the quantization and quadtree 
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information, wherein each quadtree leaf node has an associated quantization factor 
utilised in said inverse quantising of said-decoded quantized coefficients; and means for 
inverse transforming the inverse quantized coefficients. 

In accordance with a fifth aspect of the present invention there is provided a 
6 cornputer program product including a computer readable medium having recorded 
thereon a computer program for compressing digital data, the computer program 
product including: transformation means foe txansforrning said data utilising a discrete 
wavelet transform to produce corresponding transformed data; quantization means for 
quantizing said transfonned data utilising a variable quantisation determined by a 

10 corresponding quadtree strucmrc wherein each of said quadtree leaf nodes has an 
associated quantisation factor utilised in said quantising of said transformed dam. 

In accordance with a sixth aspect of the present invention there is provided a 
computer program product including a computer readable medium having recorded 
thereon a computer program for atxxxnpressing digital data, which digital data includes 

is encoded quantized coefficients and associated quantization and quadtree information, 
the computer program product including: means for decoding said cniaiitizaiioo and 
quadtree herniation; means for decoding said encoded quantized coefftcents; means 
for inverse quantizing the decoded quantized coefficients in accordance with the 
quantization and quadtree information, wherein each quadtree leaf node has an 

20 associated quantization factor utilised in said inverse quantising of said decoded 
quaiitized coefficients; and means for inverse transforming the inverse quaiitized 
coefficients. 
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Detailed Description 

Where reference is made in any one or more of (be accompanying drawings to 
steps and/or features, which have the same reference numerals, those steps and/or 
features have for the purposes of this description the same nmction(s) and/or 
operation(s), unless the contrary intention appears. 

Before proceeding with a description of the preferred anrxxtiments. a 
description is given of the image compression and Decompression method disclosed in 
Australian Provisional Patent Application No. PO 4728. entitled *A method for Digital 
Image Compression", riled on 22 January 1997 by Canon Information Systems 
Research Australia Ply. Ltd. This method of compression and aecompression is 
described in the following sections hereinafter entitled "1.0 Overview of SWEET Image 
Compression Method", "1.1 Encoding Process of First SWEET Image Compression 
Method", "1.2 Decoding Process of First SWEET Image Compression Method', "1.3 
Tyvo-Dimensional Example" , and "1.4 Encoding Process of Second SWEET Image 
Compression Method", 

1.0 Overview Of SWEET Imape. r^mpr^ sion Method^ 

A high-level block diagram is illustrated in Fig. 1 to provide an overview of 
encoding method. An input image 102 is provided to the transform block 110, which is 
preferably a linear transform, to produce corresponding transform coefficients 112. A 
discrete wavelet transform (DWT) is preferably employed. 

The two-dimensional DWT of an image is a transform that represents the 
image using a low frequency approximation to the image and three high frequency 
detail components. Conventionally, these components arc termed suhbands. Each of 
the four sub-images formed by the DWT is one quarter of (be size, of the original 
image. The low frequency image contains most of the information about the original 
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image. This infoimation, or energy compaction, is the feature of the discrete wavelet 
- transform image subbands mat is exploited for image compression. 

The angle-level DWT can be applied recursively to the low frequency image, 
or subband, an arbitrary number of times. For example, a three-level DWT of the 
e image is obtained by applying (he transform once and then applying the DWT to the 
low subband resulting from the tramfbiin^km. Thus, this results in 9 detail subbands 
and one (very) low frequency subband. Even after three levels of DWTs, the resulting 
low frequency subband still contains a significant amount of irrfhrmatinn D f the original 
image, yet is 64 times smaller (1/4 x 1/4 x 1/4), thereby effecting a factor of 64 in 
io compression. 

However, other linear transfonnations for decorrelatihg image data may be 
practiced. For example, a discrete cosine transform (DCT) can be practiced. The 
transform coefficients 112, or more specifically the bit sequences representing their 
values, are then coded by the bit rearrangement block 120 to an efficient fashion to 
15 provide the coded representation 122. 

The dec od ing process is simply the reverse of this encoding process. The 
encoded coefficients are decoded into the transform coefficients. The (transform 
domain) image is then inverse transformed to form the original image, or some 
approximation thereof . 

20 Before proceeding with a former description of the embodhncnts. a brief 

review of terminology used hereinafter is provided. For a binary integer representation 
of a number, "bit n" or "bit number n" refers to the binary digit n places to the left of 
the least significant bit. For example, assigning an 8-bit binary representation, the 
decimal number 9 is represented as 00001001. In tins number, bit 3 is equal to 1, 

as while bits 2, 1, and 0 are equal to (5, 0, and 1, respectively. Furthermore, a transform 
may be represented as a matrix having coefficients arranged in rows and columns, with 
each coefficient represented by a bit sequence. Conceptually speaking the matrix may 
be regarded as having three dimensions; one dimension in the row. direction; a second 
dimension in the cohimn direction and a third dimension in the bit sequence direction. 

30 A plane in Ibis three-dhiienskmal space, which passes through each bit sequence at the 
same bimurober, is called a enplane or bit plane. 

For transform coding applications, the number of bits per coefficient required 
to represent the possible range of coefficients is determined by the linear transform and 
the resolution of each pixel (in bits per pixel) in the input image. This range of values 

36 for each pixel is typically large relative to the values of most of the transform 
cocfficicDts, and thus many coefficients have a large number of leading zeros. For 
example, me number 9 has four leading zeros in a 8-bit representation and has 12 
leading zeros for a 16-bit representation. The compression method and apparatus 
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represents (or codes) these leading zeros, for blocks of coefficients, in an efficient 
manner. The remaining bits and sign of the immbcr arc encoded directly without 
modification. 

To simplify and the description, the transform coefficients are assumed 
5 hereinafter to be represented in an unsigned binary integer form, with a single sign bit. 
That is, the decimal numbers -9 and 9 ire represented with the same bit sequence, 
namely 1001, with the former having a sign bit equal to 1 to indicate a negative value, 
and the latter having a sign bit equal to 0 to indicate a positive value. The number of 
leading zeros is determined by the range of the transform coefficients. In using an 
io integer representation, the coefficients are implicitly already gnantijwi to the nearest 
integer value, although this is not necessary. Further, for die purpose of compression, 
any infonnation contained in fractional bits is normally ignored. 

A region includes a set of contiguous image coefficients. The term coefficient 
is used hereinafter mterchangeahly with pixel, however, as will be well understood by a 
is person skilled in the art, the former is typically used in refer to pixels in a transform 
domain (eg., a DWT domain). 

mncodinff Process of First SWEET Tnupe nnm ptession Method 

A more detailed description of the first image compression method is provided 

20 with reference to Figs. 3 and 4. 

Pig. 3 is a flow diagram illustrating the first image encoding method. In step 
302, processing commences using an input image. In step 304, the input image is 
transformed using a linear transformation, preferably a discrete wavelet transform. An 
initial region is defined to be the whole image. Far example, in the case of a three- 

25 level DWT of the input image, the resulting coefficients consisting of the 10 subbands 
can be specified as the region. Alternatively each subband can be processed separately, 
setting each initial region to the whole subband in question. 

In step 306, Che most significant bit (msb) of the largest absolute value of the 
transform coefficients is detennined and a parameter, maiBkNumber, is set to mis 

so coefficient value. For example, if the largest transform coefficient has a binary value 
of 00001001 (decimal 9), the parameter maxBitNnmber is set to 3, since the msb is bit 
number 3. Alternatively, the parameter maxBitNumber may be set to be any value that 
is larger that Che msb of the largest absolute value of the transform coefficients. 

Further, in step 306, a coding parameter, minBuNumber is set to specify the 

3S coded image quality. In particular, this coding parameter specifies the precision of 
every coefficient in the transfocmed image and can be varied as required. For example, 
a minBitNumber of 3 provides a coarser reproduction of the original image than does a 
value of 1. 
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Optionally, the technique involves step 308, which provides an output header 
in the coded representation of the input image. Thus, in a practical implementation, 
header information is output as part of the coded representation. For example, the 
output header may contain information about the source image, including the image 
s height and width, the mjmber of levels of the DWT, the mean value of the DC 
subband, the rroxBrtNuoiber parameter, and the rainBitNumber parameter. 

Beginning hi step 310, each subband of the transformed image is coded 
separately in steps 312 and 314. Each subband is coded independently, in order from 
low frequency to higfr frequency. For the DC subband, the mean value is removed 

10 prior to coding and coded into the header mfonnation in step 308. In step 312. each 
subband is coded by setting an initial region as (he whole subband. In step 314, the 
region is encoded with the maxBitNumber and minBitNamber as parameters. Uris 
provides a hierarchical code, since lower resolution versions of the image are coded 
into the bit stream before higher resolutions- Processing tenmnates in step 316. 

16 Rg- 4 is a detailed flow diagram of the procedure "Code 

i^on(CTirrenlBrlhftmu3er. mmBitNumber)' called in step 314 of Fig. 3 for coding each 
region, where maxBitNumber is provided as the ounerJtBitNumber. In step 402, 
processing commences. The inputs to the region coding process of Fig. 4 include the 
cuirentBitNumber and mmBitNumber parameters. Preferably, the method is 

20 implemented as a recursive technique where the process is able to call itself with a 
selected region or sub-region. However, the process may implemented in a non- 
recursive manner. 

In decision block 404, a check is made to deaxrrrine if the cuoentBiuNuinber 
parameter is less than the mmBruVumber parameter. O&erwise, if decision block 404 

2s returns true (yes), nothing is done and processing returns to the calling procedure in 
step 406. This condition indicates mat every coefficient in the selected region has a 
msb number less than ininBitNuraber. If decision block 404 returns false (no), 
processing continues at decision block 408. 

In decision block 408, a check is made to determine if the selected region is a 

30 ixl pixel. If decision block 408 returns true (yes), processing continues at step 410. 
In step 410, the 1 x 1 pixel is coded. Preferably, this involves directly outputting the 
remaining bits above the minBitNurnber in Che coded representation. In step 412. 
processing returns to the calling procedure. Otherwise, if decision block 408 returns 
fake (no), the region consists of more than one coefficient and processing continues at 

35 decision block 414. 

In decision block 414, the selected region is checked to determine if it is 
significant. That is, the significance of the region is tested. The region is said to be 
insignificant if the msb number of each coefficient in the region is less than the value of 
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the currentBitNumber parameter. To make the concept of region significance precise, a 
mathematical definition is given in Equation (1). At a given bit muriber, say 
currentBitNumber = n, the region is said to be insignificant if: 



where R denotes the region, and qj denotes coefficient (i j) in tins region. 

If decision block 414 returns Ealse (no), processing continues at step 41<S. hi 
step 416, a value of 0 (or first token) is output in the coded representation stream, and 

io the currentBitNumber parameter is decremented by 1. That is, the next, lower 
bitplane of the region is selected for processing. Processing then continues at decision 
block 404, where the region is again processed wife the parameters currentBitNumber-1 
and ininBiiNumber. Otherwise, if decision block 414 returns true (yes), that is, the 
region is significant, processing continues at step 418. 

16 In step 418, a value of 1 (or second token) is output in the coded representation 

stream. In step 420, the selected region is partitioned into a predetermined number 
(preferably, 4) of subregions using a specified partmomng algorithm. The partitioning 
algorithm used is known to the decoder. 

In mis method, square regions arc used. A region is partitioned preferably 

20 into 4 equal-sized (square) subregions. As shown in Fig. 2, the selected region (R) 200 
has a size of M x M coefficients and is partitioned into four equal-sized subregions 210, 
212, 214 and 216. Each of the subregiom has a size of N x N, where N is equal to 
M/2. This is not always possible depending cm the size and shape of the initial region. 
If mis is not possible, the initial region can be partitioned into a number of square 

2& regions, each having dimensions that are a power of 2, and encode these partitions 
separately. In any case, mis initialization has ininimal effect on die overall results if 
done in an intelligertt fashion. Alternatively, a different partition may be used that is 
suitable for a block-based coder. 

In step 422. each subrcgion is then coded with the same currentBitNumber and 

3o minBitNuiiiber parameters. This is preferably done by means of a recursive call to the 
procedure "Code region(aiirentB itNumber , nunBkNumber)" of Fig. 4. This coding of 
subregions may be mmleniented in parallel or sequentially. In the latter case, the 
processing may commence from a low frequency subbaod to higher frequency snbbands 
in turn. 

3s In the coded representation, a transform coefficient is coded by simply 

ouiputting the pixel bits from the cuirefitBhWumber to the ramBitNumber. Preferably, 
a convention is followed whereby the sign is output only if some of the coefficient bits 
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were non-zero. For example, if cmrenfflitNumber ~ 3, minBitNumber = \ t then -9 
(00001001) is coded as M 0 0" followed by a sign bit "1". 

1 .2 Decoding Process of Rret SWKET fimre r^npresRirm Merhnrt 
5 Fi E- 5 is a flow diagram illustrating a method of decoding the coded 

representation of an image obtained using the process of Figs. 3 and 4. In step 502. 
processing omimences using the coded representation. In step 504, the H-»fW 
information is read from the coded representation to determine the size of the original 
image, and hence the initial region size. Also, mfonnatkra such as inaxBltNiiinber 

io (equal to the initial currentBilNurnber in the coding process) and mbBitNumbcr are 
input Rirther information includes (he mem value of the DC subband. 

In step 505, decoding of each snbhand is commenced by setting the region to 
the respective subbands in torn. In step 508. the selected region Is decoded using the 
rnaiBirNumber and mrnBirNumber parameters. In step 510, the inverse DWT is 

is applied to the decoded selected region. Processing nominates in step 512. 

Kg. 6 is a detailed flow diagram of step 508 of Fig. 5 for decoding each 
region using pnxaxiure call "Decode regh^cuireiibBh^tunber, iniiu^itNiinu^eT)", 
where inaxBhtttunbcr is provided as the curicmBitNumber. to step 602, processing 
conimences. The inputs to the region decoding process of Fig. 6 are me 

20 currenrBitNumber and minBitNumber parameters. Again, the method is preferably 
implemerited as a recursive technique. However, the process can be implemented in a 
nbn-rccursive manner. 

In decision block 604, a check is made to determine if the currenlBiuSumber 
is less than the minBitNumber. If decision block 604 returns true (yes), processing 

26 continues at step 606, where processing returns to the calling procedure. Otherwise, if 
derision block 604 returns false (no), processing continues at decision block 608. 

Indecision block 608, a check is made to determine if the selected region has a 
size of 1 x 1 pixels. If decision block 608 returns true (yes), processing continues at 
step 610. In step 610, the 1 x I region is decoded. Processing then returns to the 

30 calling procedure io step 612. If decision block 608 returns take (no), processing 
continues at step 614. In step 614. a bh is input from the coded representation. 

Indecision block 616, a check is made to detcrrninc if the bit is equal to 1, that 
is, the input is checked to determine if the region is sigmficam. If decision block 616 
returns false (no), processing continues at step 618. In step 618, the currenlBitNuniber 

35 is decremented, and processing continues at decision block 604. Otherwise, if decision 
block 616 returns true (yes), processing continues at step 620. In step 620, the region 
is partitioned into the predetermined number (preferabry, 4) of sub-regions. In step 
622, each of the sub-regions is decoded using the cunentBitNumber and 
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minBitNumber. This is carried out by means of a recursive call to the process 
illustrated in Fig. 6. In step 624, processing returns to the calling procedure. 

Thus, the bits output from the significance decisions in the encoder instruct the 
decoder on which path of the algorithm to take, mas trrimkfcing the encoder. The 
pixels, and possible sign, are decoded by simply reading in the appropriate number of 
bits ( cuirentfiir^nmber to mmBitNnmber and if some of these are non-zero the sign 
bit). 



1.3 Two-Dimensional Rfarnpte 

10 The method effectively codes the leading zeros of most transform coefficients, 

while coding the bits from the most significant bit to the predetermined least sigmficant 
bit, specified by the parameter rmnBitr^nnber, and the sign simply as is. Thus, the 
compression method advantageously represents the leading zeros. This method is very 
efficient in certain situations, namely for coding discrete wavelet transform image 

is coefficients, which typically exhibit a large dynamic range. 

A few coefficients typically have very large vahies, while most have very small values. 

An example of encoding a two-a^mensional region including 4x4 coefficients 
is described with reference to figs. 7A to 7D. The processing of the 4 x 4 region 700 
of Fig. 7A is commenced with the maxBitNumber set to 7 since this is the largest bit 

20 number (bitplane) of all of the coefficients: 
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The niinBitNumber is set to 3, for illustrative purposes. A header is 
25 preferably output in the coded represeiitarion containing the maxBitNumber and 
ininBitNnmber. The process of coding the region 700 then follows. 

At ranemBitNumber — 7, a one (I) is output since the region 700 is 
significant with respect to bit number 7 (see decision block 404. 408, and 414 and step 
418 of Fig. 4). The region 700 is then partitioned into four sub-regions (see step 420 
30 of Fig. 4): the top left region 710, the top right region 712, the bottom left region 714 
and the bottom right region 716 of Rg. 7A. Each of the subregions consist of 2 x 2 
coefficients . 

The sub-regions 710, 712, 714 and 716 of Fig. 7A are in turn coded in the 
predefined processing sequence shown of Fig. 7B. where a region 750 consists of four 
35 sub-regions 750A to 750D. The three arrows illustrated in the diagram indicate the 
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order or sequence of processing, that is, top left sub-region 750A, top right sub-region 
750B, bottom left sub-region 750C, and bottom right sub~region-750D. respectively. 

The sub-region 710 of Fig. 7A is coded first (see step 422 of Fig. 4). For the 
currcntBitNumber equal to 7, a one (I) is output in the coded representation. The sub- 

6 region 710 is then partitioned into four lxl pixels having decimal values 200, 13, -13 
and 3. Each of these coefficients is coded by outputting the bits of each coefficient 
from the currentBitNumber = 7 to the minBitNmnber = 3 (see decision block 408 and 
step 410 of Fig. 4). A sign bit is then output if required. Thus, the decimal value is 
200 b coded as 11001 followed by the sign bit 0. The coefficient value 13 is coded as 

10 00001 with a sign bit O. The coefficient value -13 is coded as 00001 with a sign bit 1. 
Finally, the coefficient value 3 is coded as 00000 (without a sign bit). The coded 
representation of each coefficient includes the two "1" tats preceding the bits of 
coefficients "200" between the currcntBitNunaber and rninBirNumber. This completes 
the coding of the top left sub-region 710. The coded output at this state is; 

16 

1 niooi 0 00001000001100000 . 

200 "13" ^iT"~r^ 

The header information is not shown in the foregoing expression. 
The top right sub-region 712 is then coded (per Fig. 7B). A zero (0) is output 
20* for each of currentBitNinnber equal to 7, 6, 5, and 4, since the region 712 is 
insignificant with respect to these bit numbers. A one (1) is output at 
currentBilNumber = 3, since this bitplane is significant with respect to bit number 3. 
Hie sub-region 712 is partitioned into me four lxl pixels having values -It, -8, -4 
and -3. These decimal values arc coded as bit value 1 with sign bit 1, bit value 1 with 
26 sign bit 1 and bit values 0 and 0 without sign bits, respectively. Thus, at this stage, the 
coded representation is as follows: 

111100100000100000110000000001 11 110 0 

W ^ 

-11-8-4-3 

30 The bottom left sub-region 714 is then encoded. A zero (0) is output for each 

of currentBitNumber equal to 7, 6, 5, and 4, since the region 714 is insignificant with 
respect to these bit numbers. A one (1) is output at currcntBitNurnbcr equal to 3, since 
this bitplane is significant with respect to bit number 3. The sub-region 714 is then 
partitioned into four lxl pixels having values 8, 1, 2 and -1. These aie coded 

35 respectively as binary value 1 with sign bit 0. and binary values O,0 and 0 without sign 
bits. 
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Finally, the bottom right sub-region 716 having values -2, -2, -3. and -3 in 
coded. A zero (0) is output for each of currentBitNumber = 7, 6, 5, 4 and 3 since the 
sub-region 716 is insignificant with respect to these bit numbers. No sign bits are 
output Thus, the coded representation is as follows: 

S 

llllOOlOOOOOlOOOOOllOOOOOOOOOlll llOOOOOOl 1000000000. 

The decoder simply mimics the encoding process to reconstruct the region 
from the coded representation as depicted in Fig. 7C. 

10 The decoding process can be made •smarter' in a number of ways. One such 

a "smarter" way is depicted in Kg. 7D. In this case, the magnitude of the non-zero 
coefficients is each increased by half of 2 to the power of ininBitNumber. This is 
depicted in Fig. 7D. In this manner, the "smart* decoding processing generally 
reduces the mean square error between me decoded and the original coefficients. Still 

15 further, the encoder can alternatively perform this (type of) operation, thereby leaving 
the decoder to use the simplest depicted in Fig. 7C. 

1 .4 Encoding Process of Second SVfEPT hnapr romnreasion Mrrhnrl 

A coding process according to an alternate method is hereinafter described 

20 with reference to Figs. 9 to 12. 

A discrete wavelet transform of an entire digital image can be performed on a 
block-by-block basis. The result of the transformation upon each block is a set of 
coefficients, which are essentially equivalent to a set of spatially corresponding 
coefficients of a discrete wavelet transform of the entire image. For example, from a 

26 predetermined set of coefficients of a DWT for an entire image, a portion or block of 
the digital image can be reproduced to a specified detail. Selecting die predetermined 
set of coefficients from the frequency domain amounts substantially to representing the 
rarrespondbig portion of a digital image (the block) from the spatial domain. A block 
based DWT of a digital image can be performed by decomposing an image into a 

30 plurality of blocks and applying the transform to each block mdependeraly, thereby 
substantially evaluating those DWT coefficfents relevant to the current spatial location. 
The advantage of adopting a block-based transform approach is that a block can be 
subsequently encoded with minimal interaction (substantially independent) from another 
block of the image. Block-based techniques are inherently memory localized and 

3s therefore are generally efficient when io^ternenred using computer systems. 

Fig. 9 is a flow diagram illustrating the block-based encoding process 
according to the second encoding method. Processing commences at step 902. In step 
904. a header is output. This information preferably includes the image height and 
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width, the block size, the number of levels of the DWT, and two coding parameters 
maxBrtNumbcr and mmBitNumbcr. Optionally, more or less header information may 
be used depending upon the application. 

The coding parameter mazBitNumber can be selected in a variety of ways. If 
6 the block DWT is performed on all image blocks prior to coding of any of mem, me 
maxBitNumbcr can be chosen to be the MSB number of the largest coefficient across 
all DWT blocks. For example, if the largest coefficient b 10000001 (decimal value 
129), the maxBitNumber is set to 7 since the MSB is bit number 7. Alternatively, a 
d Vl fr minirti c bound can be used which is determined by the transform and the 

10 resolution of the input image. For example, with an 8-bit input image (level shifted to 
7-bits plus sign) and the Haar transform, the largest MSB is bounded by J-K7 where J is 
the number of levels of the DWT. If the blocks are small, the selection of this 
parameter can have a significant effect on compression. In some instances, more 
sophisticated ways of selecting maxBitNumber may be employed. However, this 

is depends upon me specific application. 

The parameter mmBitNumbcr determines the compression ratio versus quality 
trade off and can be varied. For example, for nearly orthogonal transforms, a value of 
3 provides adequate image quality for 8-bit, grey-scale or 24-bit, RGB images. 

In step 906, the image is decomposed into blocks (or an image block is 

zo focmcd). The image is decomposed preferably into overlapping blocks. However, 
non-overlapping blocks may be employed. The block of coefficients can be as large as 
the whole original image, or as small as a block of 8 x 8 coefficients (for a three-level 
transform). For low memory applications, a block that is as small as possible may be 
employed. Generally, a block size of 16 coefficients is sufficient for higher levels of 

25 compression with a three or four level DWT. A block size of 8 x 8 coefficients with a 
three-level DWT can maintain good coding efficiency by employing differential pulse 
code modulation (DPCM) on the DC coefficient of each block. 

In step 908, each block is level shifted and the transform is rjerfocmed. 
Preferably, a DWT is employed. The image values are level shifted (for example, by 

30 128 for an 8-bit image) to reduce or eliminate any undue mean bias, and each spatial 
block of the image is transformed. Fur a DWT, usually some knowledge of the block 
surrounding the current block is needed (and similarly for the inverse DWT), although 
this is not strictly required. 

In step 910, the block is coded using the maxBitNumber and minBitNumber 

35 parameters. Processing terminates in step 912. 

Step 910 for coding a block is illustrated in detail in the flow diagram of Fig. 
10. The inputs to the block coding process of Fig. 10 include the curreniBitNuraber 
and the niirnlitNuniber parameters. With reference to step 910 of Fig. 9, the 
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maxBirNumber is input as the concnlfiitNumbcr parameter. Processing commences in 
step 1002. In decision block 1004, a check is made to determine if the 
curremBitNumber is less than the mmBftNuraber. If decision block 1004 returns true 
<yes), processing centimes at step 1006. Instep 1006. execution returns to the calling 
s process, thereby inducting that every coefficient in the block has an MSB number less 
than the minBitNumber. Otherwise, if decision block 1004 returns raise (no), 
processing continues at decision block 1008. 

In decision block 1008, a check is made to determine if a current block is 
sigriificant. If decision block 1008 returns raise (no), processing continues at step 

id 1010. In step 1010, a zero (D) is output in me coded representation and the 
ouTtntBitNumber is decremented, mat is, the next lower bit plane is selected. 
Processing then continues at decision block 1004. Omerwise, if decision block 1008 
returns true (yes) processing continues at step 1012. 

Decision blocks 1004 and 1008 along with step 1010 enable the process to find 

is the MSB number of the largest coefficient in the block. A block is insignificant with 
respect to the currciiiBitNuinber if the MSB number of every wffinW m the block is 
less than the cinreiitBitNumber. This is repeated until the bitplane of the block Is 
significant or the canentBitNumber is less than me niinBiiNumbcr. 

In step 1012, a one (1) is output in the coded representation to indicate the 

20 bitplane is sigmficanL hi step 1014, the DC subband is coded. In step 1016, the block 
detail is coded using the parameters J. cuirerilBitNumber and ininBitNirrnber. In step 
1018, execution returns to the calling procedure. Thus, given that the block is 
significant, steps 1012, 1014 and 1016 are carried out to use the (generalized) quadtree 
segmentation to find all raefticienrs with an MSB number greater than the 

25 minBiiNumbcr. If the block is significant, it is partitioned into two "sub-blocks": the 
DC subband coefficients and the block consisting of the remaining coefficients, referred 
to as the "block detail" for level J since it represents the high frequency information 
about the block of level J at all lower levels. 

Step 1014 of Fig. 10 for coding the DC subband is illustrated in detail by the 

ao flow diagram of Fig. 12. That is. Fig. 12 shows the process of coding a subband or 
sub-block using currenJfihTftimber and minBh^fumber parameters. In step 1202, 
processing commences. In decision block 1204, a check is made to determine if the 
currentBitNuraber is less than the miiiBftNumber. If decision block 1204 returns true 
(yes), processing continues at step 1206. In step 1206, execution returns to the calling 

as procedure. Otherwise, if decision block 1204 returns false (no), processing continues 
at decision block 1208. 

In decision block 1208 a check is made to determine if the (subband) block size 
is 1 * I pixels. If decision block 1208 returns true (yes), processing continues at step 
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1210. In step 1210, the 1 x 1 pixel is coded. This involves outputting the bits between 
the currenffiitNumber and the minBitNumbcr, inclusive, followed by a sign bit if 
necessary. Processing then returns to the calling procedure in step 1212. Otherwise, if 
decision block 1208 returns false (no), processing continues at decision block 1214. 
b Indecision block 1214, a check is made to determine if the (subband) block is 

significant If decision block 1214 returns fake (no), processing continues at step 
1216. In step 1216, a zero (0) is output in the coded representation and the 
cunemBirNumber is decremented. Processing then continues at decision block 1204. 
Otherwise, if decision block 1214 renins true (yes), processing centimes at step 1218. 
to Instep 1218, a one (1) is output in the coded rerjreseTitation to indicate that the 

(subband) block is riguifjeant. In step 1220, die (subband) block is partfctoned into 
four sub-blocks. In step 1222. each sub-block is coded using the parameters 
c*irrcn£BitNuinber ™* mnuBitNtomber, by means of a recursive can to the process of 
Fig. 12. In step 1224, execution returns the calling procedure. 
16 Thus, in the process of Kg. 12, a subband or sub-block thereof is coded. The 

largest MSB number is isolated as before. If the sub-block consists of only one pixel, it 
is coded as a single coefficient. Otherwise, the curraifflitNcinber is decremented and a 
zero (0) is output in die coded representation until the cnrrairBifNiimber is less than the 
minBitNumber, or the subband (sub-block) is sigruTcanL If the subband (sub-block) is 
20 significant, it is partitioned into four (as dose to equal as possible) sub-block, and these 
are coded m turn A single coefficient, for example the DC coefficient, is encoded by 
outputting the coefficient bits from the currenrBitNumber to the mmBitNumber. Again, 
the sign is preferably only witrnit if some of the coefficient bits are non-zero. 

Step 1016 of Fig. 10 for coding block detail is illustrated by the flow diagram 
as of Fig. 11. In step 1102. processing commences. In decision block 1104, a check is 
made to detiaiiiine if the cnxrcntBitNumber is less than the minBitNumber. If decision 
block 1104 returns true (yes), execution returns to the calling procedure in step 1106. 
Otherwise, if decision block 1104 returns take (no), processing continues at decision 
block 1108. 

30 In decision block 1108, a check is made to determine if the block (detail) is 

significant. If decision block 1108 returns raise (no), processing continues at step 
1110. In step 1110, a zero (0) is output in the coded representation and the 
curreclBitNumber u decremented. Processing then continues at decision block 1104. 
CKherwise, if decision block 1108 returns true (yes), processing cc^tinucs at step 1112. 

35 In step 1112, a one (1) i$ output in the coded representation to indicate that the 

block (detail) is significant. In step 1114. each of the high-tow (HL), low-high (LH), 
and high-high (HH) frequency subbands is coded. The HL. LH, and HH frequency 
subbands of each resolution are commonly referred to as AC subbands. Each of these 
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subtends is cods* in accordance with the process of Pig. 12. In step 1116, the block 
detail is coded using the parameters J-l, currentBitNumber and minBitNumber (if the 
block detail exists) by means of a recursive call to the process illustrated in Fig. 11. 
Execution returns to die calling procedure in step 1118. 
s Thus, the block detail for level J is processed to first isolate the MSB number 

of the largest coefficient. This is done by decrementing the currentBitKoniber and 
outputting zeros until the block: is significant. The block is then partitioned into the 
three high frequency snbbands at level J and the block detail for level M (if J-l is 
greater than 0). This partitioning approach is motivated by the so-called 1/f lype 

io spectral models. 

The decoding process for the second method can be implemented by 
mimicking the coding process described with reference to Figs. 9 to 12. 

The encoding and decoding methods and apparatuses represent digital image 
data in an efficient and flexible manner, in which the representation is suitable for 

is storing and/or transmitting images. The encoding frehnirpipfl can be used generally to 
represent an array of transfann coefficients, and to provide an efficient representation 
by repieseiirrng an image in the discrete wavelet transform domain. In particular, the 
methods and apparatuses represent (or code) leading zeros of blocks of transform 
coefficients obtained from an input image. The techniques are efficient in terms of 

20 offering a good reproduction of the original image for a given size code and offering 
fast decoding. Birther, the techniques are flexible in that coefficients obtained from a 
linear transformation are encoded independently without the use of entropy coding. 
The advantageous aspects of the methods include the depth first nature of the coding. 
Further, in the case of coding subbands, die advantageous aspects of the rnethod include 

26 hierarchical coding of each subband separately. 

^Preferred EmfxxHmcntfs^ ofMcH 

The preferred embodiment utilises the wavelet transform process and proceeds initially 

by means of a wavelet transform of image data. A description of the wavelet transform 
ao process is given in many standard texts and in particular the aforernentioned book by 

Stolhntz et al. An overview of the wavelet process will now be described with 

reference to the accompanying drawings. 

Referring initially to Fig. 13, an original image 1 is transformed utilising a 

Discrete Wavelet Transform (DWT) into four subimages 3-6. The subimages or 
35 subbands are normally denoted LL1. HL1, LH1 and HH1. The one suffix on the 

subband names indicates level 1. The LL1 subband is a low pass decimated version of 

the original image. 
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H* wavelet transform utilised can vary and can include, for example, Haar 
basis functions, Daubecbies basis functions etc. The LL1 subband is then in aim 
utilised and a second Discrete Wavelet Transform is applied as shown in Fig 14givmg 
aibbands LL2 (8). HU (9), LH2 (10). HH2 (11). This process is cornimicd for 
s example as illustrated in Fig. 15 wherein the LL4 subband is Ulnstrited, me LL4 band 
a^mrxtthion process being referred to as an octave baixl filter bank with the UA 
subband being referred to as the DC subband. Obviously, forther levels of 
decomposites be of tru> tepot image. 

Each single level DWT can in mm be inverted to obtain fee original image 
io Thus a J-level DWT can be inverted as a series of J-single level inverse DWT's. 
Anmiagea>dmgrJerarelric^ 
the rernaining siibbands are coded in order of decreasing level. That is for a 4 level 
DWT, the subbands at level 4 are coded after the DC subband (LL4). That is the HM, 
LH4 and HH4 subbands. The subbands at level 3 (HL3, LH3, and HH3) are then 
15 coded > Allowed by those at level 2 (HL2, LH2 and HH2) and then level 1 (HL1, LH1 
and HH1). 

With standard images, the encoded subbaris normally contain the "detail* 
information in an image. Hence, they often cornet of a sparse array of values and 
substantial compression can be achieved by quantisarion of the subbands and efficient 

20 encoding of their sparse matrix form. 

An overview of me encoding process is as illustrated by the flow chart 20 of 
Fig. 16. The encoded process begins by applying a discrete wavelet transfann 22 to 
the image data to produce the usual subbands . Next, the subbands are looped through in 
hierarchical order 23 from the lowest frequency subband to the highest. For each 

25 subband three steps 24-26 are performed wherein the step 24 includes d^crnumng the 
best quadtree and associated quaimsation factors for the subband. Next, each region is 
quantised as specified by (be quadtree with the appropriate quantiser 25. Next, the 
quantised subband values and the appropriate quadtree mfonnation is encoded 26. 

laming now to Fig. 17. there is illustrated the decoding process. Each of the 

30 subbands is treated m order with the subbands being looped through 31 and the inverse 
processes 32-34 are applied to the subbands. The first step 32 includea decoding the 
quantisation and quadtree infonnaUon. Next the quantised coefficients are decoded 32 
before an inverse quantisation process is applied 34. The resultant data is then inverse 
discrete wavelet traosformed 35 so as to produce the original data. 

35 The core portion of the preferred embodiment is the process of deternimmg the 

best quadtree and associated quantisation factors for the subband 24. Each subband is 
partitioned into variable sized regions using a quadtree structure and associated with 
each region, or leaf within the quadtree, is a quantisation factor. The utilisation of 
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quadtrees can proceed along standard lines. For a full description of quadtrees and 
alternative data structures that may be suitable, reference is made to the standard survey 
article entitled "The Quadtree and Related Hierarchical Data Structures* by Hanan 
Samet, published in Computer Surveys, vol. 16, no. 2, June 1984 at pages 187-260. En 
5 the preferred embodiment, each region is uniformly quantised with a quantisation 
parameter represented as an index value. The index values for each snbband are then 
encoded along with the quadtree structure and the quantisation data associated with each 
leaf of the quadtree. 

Although many different encoding processes can be utilised, in the preferred 
io embodiment, the coding of the quantisation data can be achieved utilising the KWKKT 
methodology as disclosed in Australian provisional patent specification No. P04728 
and described herein and hereinafter called SWEET coding. As will become evident, 
the present invention differs from previous SWEET coding in that it utilizes dynamic 
quantisation. 

is In order to be able to vary the quantisation spatially within a suboand, a 

quadtree structure is utilised to divide up the Image. The quadtree can be used to 
represent a certain partition of a region into several, variable sized subregkras. For 
example, given a rectangular region or array of coefficients, it is possible to partition 
the region into four subregions, in accordance with standard quadtree techniques. 

20 Within each region, it is possible to recursively partition or leave me region "as is" 
depending on a predetermined criterion. For example, Fig. 18 illustrates an example 
quadtree structure, the structure of which will be readily familiar to those familiar with 
quadtrees. In this respect, the region 40 has been partitioned into four subiegions with 
only the regions 41 and 42 being "sub^rtitioned'V With the bottom right region 42 

29 being further sub-partitioned 43. 

With each leaf node of the quadtree, a quantisation parameter is determined. 
A different quantisation factor can be provided for each subregion. The structure of the 
quadtree 40 and associated quantisation parameters are coded into the compressed 
image bit stream. The decoding process utilises this information to inverse quantise 

30 each subregion with an appropriate quantisation factor. 

A quadtree can be represented as a sequence of binary partitioning decisions. 
A "1* can be used to represent a partition of a region, while a "0" can be used to 
represent a leaf node, or the fact that a region is not partitioned. Using a depth first 
approach to representation, immediately folk) wing a I bit describing a partition of a 
as region arc the binary partitioning decisions of the corresponding subregions. The 
subregion partitioning decisions can be encoded in the order of top left, top right, 
bottom left and bottom right. Thus the quadtree 40 of Fig. 18 can be represented by 
the binary sequence 11000000101000000. The first "1" represents a partition of the 
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whole (original) region 40 into 4 subregions. The next m l 9 represents the partition of 
foe top-left quadrant 41 of the original region into 4 subregions. The next four "0"^a 
represent the feet that these latter subregions of region 41 are leaf nodes, and not 
partitioned. The following two O's represent that the top right and bottom left 
5 quadrants of the original region arc leaf nodes. Finally the remaining bits 101000000 
represent the partitioning structure of the bottom right quadrant 42 of the original 
region. 

With each leaf node of the quadtree is an associated quantiser. It is possible to 
simply code a quantisation parameter for each leaf node in the order in which the leaf 
io node occurs in the quadtree. Having decoded the quadtree representation the decoder 
can then calculate (he ordering and decode each quantisation parameter in sequence. 

The preferred process of quantisation includes using uniform quantisation with 
a dead-zone. The discrete wavelet traiurfbrm coefficients are quantised to integer 
values. Let c represent a coefficient value, d its quantised value and let q be the 
is quantisation parameter for the region in which the coefficient lies. Then the 
quantisation can be defined as. 




where fix is defined by, 

A(x) iM*so 

20 and |_ J is the usual "floor" round down to nearest integer operator and |~ "| is the 
usual "rooT round up to nearest integer operator. The quantisation parameter q is me 
quantisation factor. At the encoder each coefficient in a subband is quantised to an 
integer value using this equation. 

The inverse quantisation is given by, 

where, 

{~U<0 
0 </=0 
1 d>0 

At the decoder each coefficient is inverse quantised using this inverse 
quantisation equation. 

30 For a given rate, of say R bits per pixel (bpp), the best quantisation quadtree 

and associated quantisation factors can be defined as the quadtree that results in a 
compressed image with minimum distortion. That is compressing the image to R bpp, 
or to a lower rate, results in a higher distortion when using any other quadtree. The set 
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of possible quantisation factors is presumed to be a fixed finite set. In the present case 
a set of 16 possible quantisation scale fectora ranging fiora l~to 16 have been used. 
With 16 different possible quantisation scale factors, a simple code will require 4 bits to 
determine a given scale factor. 

The method of finding the best such quadtree is naturally found using the 
Lagrange multiplier approach for conistramed optimisation. That is for a given X > 0 
find 



nrin [cost = d(Q)+*b(Q)) (Eqnl) 

10 

where the nunmnsation is over all quadtrees and associated quantisation factors. The 
quadtree and associated quantisation factors is represented in the epilation as Q. Thus 
this minimisation is over all possible Q. If the optimum solutkm to the unconstrained 
Lagrangian problem is given by Q* then Q* is the optimum solution to the constrained 

is solution in the case where the given rate is b(Q*). To find the optimum solution for a 
: given rate it is possible to simply vary X using a bisection method until b(Q*) is 
sufficiently close to the desired rate R. 

The method used to perform me miniinisatkin in Eqnl for a given image 
region is illustrated in the following pscudo code: 

20 [bits, distortion, n^ax] = findQuaim'satHM^Juadtree (region, n, X) 
{ 

*/ 

**Find the optimum fixed rniantisatioQ factor for the region 
♦/ 

25 Ibits, distortion, oj = findOpumumFrxedQuantisaiion (region, n, X); 

set fixedQuanrisarjonCost = distortion + 1 bits; 
I* 

**Find the cost of using quadtree variable quantisation on the region 
M qmin is the smallest qualification factor 

30 +/ 

set Umax — largest bit lumber in region quantised with qmin! 
partition region into 4 subrcgians; 

[bitsl, distortion], rimaxij « findQuantisationQuadtrcc region!, nmax. X); 
[bits2, distortion2, nnuull = nndQuaiuisatioriQuadtree regioo2, *aax. X); 
35 [bits3, djstoitian3. nmax3l = fmdQuaiinsatJonQuadtree region3, Umax, X); 

(bit&4, distortion**, nmax4] = fuidQuaimsatkHiQuadiree region*, nmax, X): 
set bitSavings = 3x (nmax - max(nmaxl, «max2, umax3, nmax4); 
set variableQuantisationCost = distortion! + distortkm2 + 
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distortion3 + distortion* + X (bitel + bits2 + bila3 + bits4 + 

fc-nmax+ 1) - bitSavings + 1); 

/* 

♦♦Find the better approach - variable or fixed quantisation. 
6 •/ 

if variableQuantisatinnCost < fIxedQuarAisationCost 
{ 

distortion = distortion 1 + distortion2 + distortion* + distortion^*; 
bits = bitsl +- bits2 + bhs3 + bits4 +- (n-nmax+1) - bitSavings + 1; 
10 "max = maxOoniaxi, nmaxZ, nmax3, Umax**); 

} 

else // Fixed quantisation is better, (return parameters are already set correctly) 

{ 

output region and quantisation factor q 

15 } 



[bits, distortion, q] ~ fnxiOptBnminFixedQuarjtis ation (region, n, X) 
/* 

**Find the quantisation factor with the least Lagrangian cost 
*/ 

set cost = infinity; 

loop through the quantisation factors qj 

{ 

quantise region with quantisation factor qi; 

bksQ = SWEET code (region, n); 

set distortionQ to the quantisation distortion; 

if distortionQ -f- XbitsQ < cost 

{ 

cost - distortionQ + XbiteQ 
bits = bitsQ; 
distortion — distortionQ; 

Q = qi: 

} 

} 

/* 

**Add in the number of bits used to code the fixed quantisation factor and the 
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♦•termination bit for flic quantisation quadtree 
♦/ 

set bits — bits + nuniQuantisationPactoifiits + 1- 

} 

s In this code the set of (16) possible quantisation parameters is implicit. 

In the fi^OrrtmiumQuRAree function above, the optimum fixed quantisation 
factor to use for me whole region and its associated cost is calculated by calling the 
fiDdC^timmrriPixedQua function. Then the cost associated with using a 

quadtree variable quantisation on the region is calculated. This is performed by 

io partitioning the region into four sub regions and recorrively calling the 
fmdOptinruinQuadrjee function on each subrcgioiL The fixed and variable quantisation 
costs are then compared and the solution with the minimum cost is selected. If fixed 
gjiantisatioTi is selected then the region and associated quantisation factor are output. 
This output can men be used facer to code the quadtree and associated quantisation 

is factors, and to quantise the image regions prior to coding. 

The (n- nmax+1) - bitSavings number of bits fector in Che calculation of 
variableQuanlrsationCost in the function fMOr^knmixQiiadtree. is the rxnrnbcr of extra 
bits that the SWEET coding method requires to code the four subregions given the bit 
number parameter n. The final extra bit added to the mrmber of bits factor in the 

20 calculation of \oriableQiiarmsaficcC^ is a 1 bit used to indicate the j^rtirion of the 
region in the quantisation quadtree. 

m the fmdOptirnmrn^^ the SWBBT coding method is used to 

calculate the number of bits used to code a quantised region. The best quantisation 
factor is then found as the one that minimises the Lagrangian cost, distortion 4- Xbits. 

25 FmaU y to tf" 5 total number of bits used to code the region, with the best quantisation 
factor, is added mnnQuantisatranFac^orBits, which is simply the number of bits 
required to code the quantisation factor (in our case this is 4 bits), and a single bit 
representing the 0 terminating bit in the quadtree indicating that the region is a leaf 
node. 0 



2.1 Preferred Embodiment nf Appa^^s) 

The encoding and/or decoding processes are rxeferably practiced using a 
conventional general-purpose computer, such as the one shown in Fig. 8, wherein the 
processes of Fig. 16 or 17 may be urmlerncntcd as software executing on the computer. 
In particular, the steps of the eirading and/or decoding methods are effected by 
irctfructions in the software that are carried out by the computer. The software may be 
divided into two separate parts; one part for carrying out the encoding and/or decoding 
methods; and another part to manage the user interface between the latter and the user. 
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The software may be stored in a computer readable medium, including the storage 
devices described below, for example. The software is loaded into the computer from 
die computer readable medium, and then executed by Che computer. A computer 
readable medium having such software or computer program recorded on h is a 
e computer program product. The u sc of the computer program product in the computer 
preferably effects an advantageous apparatus for ewxxlmg and/or decoding coded 
representations of digital images in accordance with the embodiments of the invention. 

The computer system 800 consists of the computer 802, a video display 816, 
and input devices 818, 820. In addition, the cennpnter system 800 can have any of a 

io number of other output devices including line printers, laser printers, plotters, and 
other reproduction devices coiinected to the computer 802. The computer system 800 
can be connected to one or more other computers via a conmnmicatkm interface 808c 
using an appropriate comimiiiication channel 830 such as a modem comimirucatious 
path, a axnputer network, or the like. The computer network may include a local area 

is network: (LAN), a wide area network (WAN), an Intranet, and/or the Internet 

The computer 802 itself consists of a central processing umn>) (simply 
referred to as a processor hereinafter) 804. a memory 806 which may include random 
access memory (RAM) and read-only memory (ROM), input/output (JO) iiiterfaces 
808a, 808b & 808c, a video interface 810, and one or more storage devices generally 

20 represented by a block 812 in Fig. 8. The storage devices) 812 can consist of one or 
more of the following: a floppy disc, a hard disc drive, a magneto-optical disc drive, 
CD-ROM, magnetic tape or any other of a number of non-volatile storage devices well 
known to those skilled in the art Each of the conroonents 804 to 812 is typically 
connected to one or more of the other devices via a bus 814 that in turn can consist of 

25 data, address, and control buses. 

The video interface 810 is connected to the video display 816 and provides 
video signals from the computer 802 for display on the video display 816. User input 
to operate the computer 802 can be provided by one or more input devices 808b. For 
example, an operator can use the keyboard 818 and/or a rxMrmug device such as the 

30 mouse 820 to provide input to the computer 802. 

The system 800 is simply provided for illustrative purposes and other 
configurations can be employed without departing from the scope and spirit of the 
invention. Exemplary computers on which the embodiment can be practiced include 
IBM-PC/ATs or compatibles, one of the Macintosh (TM) family of PCs, Sun 

35 Sparcstauon (TM). or the Like. The foregoing is merely exemplary of the types of 
computers with which the embodiments of the invention may be practiced. Typically, 
the processes of the embodiments, described hereinafter, arc resident as software or a 
program recorded on a hard disk drive (general ry depicted as block 812 in Fig. 8) as 



(51) mm¥l 1-266161 



the computer readable medium, and read and controlled using the processor 804. 
Intermediate storage of the program and pixel (fata and any data fetched from the 
network may be accomplished using the semiconductor memory 806, possibly in 
concert with the hard disk drive 812. 
s In some instances, the program may be supplied to the user encoded on a CD- 

ROM or a floppy disk (both generally depicted by block 812). or alternatively could be 
read by the user from the network via a modem device connected to the computer, for 
example- Still further, the software can also be loaded into the computer system 800 
from other computer readable medium including magnetic tape, a ROM or integrated 
10 circuit, a magneto-optical disk, a radio or infra-red transmission channel between the 
computer and another device, a computer readable card such as a PCMCIA card, and 
the Internet and Intranets including email transmissions and information recorded on 
websites and the like. The foregoing is merely exemplary of relevant computer 
readable mediums. Other computer readable mediums may be practiced without 
is departing from the scope and spirit of the invention. 

The method of coding and/or decoding may alternatively be implemented h> 
dedicated hardware such as one or more integrated circuits performing the functions or 
sub functions of the encoding and decoding. Such dedicated hardware may include 
graphic processors, digital signal processors, or one or more microprocessors and 
20 associated memories. 

The foregoing only describes a small number of embodiments of the present 
invention, however, modifications and/or changes can be made thereto by a person 
skilled in the art without departing from the scope and spirit of the invention. The 
present embodiments are, therefore, to be considered in all respects to be illustrative 
25 and not restrictive, 

4. Brief Explanation of the Drawings 

Fig. 1 is a high-level block diagram illustrating the image representation 
technique described in the herein-mentioned patent application; 

Fig. 2 is a diagram illustrating partitioning described in the herein-mentioned 
so patent application; 

Fig. 3 is a flow diagram illustrating the method of representing, or encoding, 
an image described in the herein-mentioned patent application; 

Fig. 4 is a detailed flow diagram illustrating the step of coding a region in 

Fig. 3; 

36 Fig. 5 is a flow diagram illustrating the method of decoding a coded 

representation of an image produced in accordance with tl>c niethod Fig. 3; 

Fig. 6 is a detailed flow diagram illustrating the step of decoding a region in 

Fig. 5; 
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Figs 7A to 7D are diagrams Qhjstxatmg the processing of a two-dimensional, 
eight-coefficient region in accordance with the encoding and decoding method of Figs. 
3 to 6; 

Fig. 8 is a block diagram of a general purpose computer; 
Figs. 9 to 12 are flow diagrams illustrating an alternate method representing, 
or encoding, an image described in the herein-mentioned patent application; 

Figs. L3-15 illustrate the process of wavelet transforming image data; 

Fig. 16 illustrates a flow chart of the encoder operation; 

Fig. 17 illustrates the operation of the decoder; and 

Fig. L8 illustrates one particular form of quadtree partition. 
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1. Abstract 

A method of compressing digital data is disclosed including the steps of 
transforming the data utilising a discrete wavelet transform to produce corresponding 
transformed data; quantising the transformed data utilising a variable quantisation 
determined by a corresponding quadtree structure wherein each of the quadtree leaf 
nodes has an associated quantisation factor utilised in the quantising of fee transformed 
data. Preferably, the quadtree is deteonined to be an optimum in a rate distortion sense 
and encoded utilising a binary prefix notation followed by a list of quantisation factors. 
The method of Lagrange multipliers can be utilised to determine the optimum to a 
predetermined number of bits per data item. Tbc present invention has particular 
application to image data or to video data and in particular frame difference data. 

2. Representative Drawing 

Fig-l 



